2000-2001

Alternatives to the Use of Live Vertebrates
In Biomedical Research and Testing

A Bibliography with Abstracts

TO ASSIST IN:

. REFINING EXISTING TEST METHODS
. REDUCING ANIMAL USAGE
. REPLACING ANIMALS AS TEST SYSTEMS

PREPARED BY
TOXICOLOGY AND ENVIRONMENTAL HEALTH INFORMATION PROGRAM
SPECIALIZED INFORMATION SERVICES
NATIONAL LIBRARY OF MEDICINE
NATIONAL INSTITUTES OF HEALTH
BETHESDA, MD USA

Vera W. Hudson, M.S.
Project Coordinator and Scientific Editor
National Library of Medicine

Quynh-thu Nguyen
Production Assistant

The Scientific Community, concerned about animal welfare, is sensitive to concerns regarding how and why
animals are used in biomedical research and testing to evaluate the toxicological potential of various substances.
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Invitro to>2<icology industrial platform (IVTIP) position paper, 9 February 2001: therole of an



industrial platform in the area of in vitro testing. Altern Lab Anim 2001;29(4):487-92.
Selected titles. Altern Lab Anim 2000;28(6):878-82.

Atterwill CK, Wing MG. In vitro preclinical lead optimisation technologies (PLOTS) in

phar maceutical development. Altern Lab Anim 2000;28(6):857-67.

Abstract: The explosion of genuine high throughput technol ogies has alowed large compound libraries
to be screened with ever-increasing biological specificity, exacerbating the problem of lead candidate
selection for subsequent drug development. To avoid creating a bottleneck, compounds identified from
the high throughput screens undergo lead optimisation by employing medium-throughput screen which
permits ranking in terms of their basic absorption, distribution, metabolism, excretion (ADME) and
toxicological properties. The historical role of the CRO in the drug discovery/devel opment continuum
has been to perform efficacy and toxicology studies, simply to support the regulatory submission of lead
candidates. This situation is, however, changing with the development of preclinical lead optimisation
technologies facilitating the selection of leading candidates, thereby bridging the gap between high
throughput efficacy screens and conventional safety assessment programmes.

Balls M. Drunken monkeys and cruel humans. Altern Lab Anim 2000;28(5):639-40.

Balls M, Sabbioni E. Promotion of research on in vitro immunotoxicology. Sci Total Environ
2001;270(1-3):21-5.

Abstract: ECVAM was established to play aleading role at the European level in the independent
evaluation of the reliability and relevance of test methods and testing strategies for specific purposes
through research on advanced methods and new test development and validation, so that chemicals and
products of various kinds, including medicines, vaccines, medical devices, cosmetics, household
products and agricultural products, can be manufactured, transported and used more economically and
more safely, whilst the current relevance on animal test procedures is progressively reduced. Nowhereis
this activity more necessary than in the field of immunotoxicology, where we know that chemicals and
products of many kinds have the potential to stimulate, modulate or suppress the induction or expression
of various types of immune responses. The problem isto effectively evaluate the potency of these
effectors, and, since the available information is currently based on rather qualitative animal tests, to
evaluate the true relevance of this knowledge and apply it intelligently in risk assessment processes
which will protect human beings without unnecessarily limiting the development and use of materials
which otherwise have economic, health and social benefits. The way forward must depend on the
following: (a) a better understanding of immunotoxicological processes, based on a sounder
understanding of the immune system itself (and of its network of control systems and interrelationships
with other body systems); (b) The use of in vitro (not in vivo) systems based on human (not animal)
cells and tissues; (¢) integrated and tiered testing strategies, incorporating QSAR, aswell asin vitro
approaches; (d) taking advantage of the use of cells or factors from humans who have been exposed to
potential immunotoxins, be this voluntarily, occupationally, environmentally or by accident; and (e) the
recognition that virtually everything will effect one or more aspects of the immune system at some dose
level and, in some circumstances, deciding when such effects are relevant, is the key to immunotoxicity
testing. Some current ECV AM-sponsored work and activities at ECVAM are described.



Bee A, Theakston RD, Harrison RA, Carter SD. Novel in vitro assays for assessing the haemorrhagic
activity of snake venoms and for demonstration of venom metallopr oteinase inhibitors. Toxicon
2001;39(9):1429-34.

Abstract: Standard methods used for assessing the haemorrhagic toxicity of snake venoms and the
effectiveness of antivenoms are laborious, expensive and involve the use of large numbers of laboratory
animals. This paper examined the feasibility of using a gelatin degradation ELISA for preliminary
screening of snake venom metalloproteinases (M Ps). Potent gelatinolytic activity was observed in
venoms from snakes of the family Viperidae and, as expected, little or no activity was evident in the
venoms of snakes that induce neurotoxic pathology (most elapids). A reverse gelatin zymography assay
was used on a variety of venoms to demonstrate a number of inhibitors of MP activity, the first such
demonstration of its kind.

Booker S. Alternative tests make the grade. Environ Health Perspect 2000;108(3):A118-9.

Abstract: Toxicity testing is absolutely necessary for assessing the safety of substancesin food, air, and
water, in the workplace and at home. Although there are several tried-and-true toxicity assays, the search
is always on for methods that can even better predict toxic effects. As scientific understanding of the
effects of environmental toxicants grows, new tests are needed to evaluate previously unexamined end
points and to take advantage of advances in biotechnology and the growing knowledge of how toxicants
work at the molecular and cellular levels. Another issue is how to develop tests that can reliably and
accurately assess toxicity using less time, money, and materials, and with greater regard for animal
welfare. The Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM)
was established in 1997 to address these needs through the development, validation, acceptance, and
harmonization of new and revised toxicological test methods throughout the federal government.

Broadhead CL, Betton G, Combes R, Damment S, Everett D, Garner C, Godsafe Z, Healing G,
Heywood R, Jennings M, et al. Prospects for reducing and refining the use of dogsin the regulatory
toxicity testing of phar maceuticals. Hum Exp Toxicol 2000;19(8):440-7.

Abstract: A workshop was held to critically discuss the need for a nonrodent species and the role of the
dog in regulatory toxicity testing of pharmaceuticals; to discuss opportunities to reduce and refine the
use of dogsin preclinical toxicology; and to identify a number of specific recommendations which could
be feasibly achieved to move the process forward. To facilitate a preliminary evaluation of the
contribution of dog studies to the risk assessment process, anonymised, unpublished data were provided
from fully evaluated, repeat-dose toxicity studiesin the rat and dog. Results of the International Life
Sciences Institute (ILSI) Human Toxicity Project were also presented and discussed. Analysis of the
data demonstrated that the dog can provide additional toxicity information, which, in some cases, was
shown to be predictive for humans. Discussions indicated that there is potential for achieving areduction
in dog use and several possible approaches were identified. To further the progress of thisinitiative,
there is a need to collate the results of pharmacology, toxicology, and clinical studies to address some of
the proposed approaches. One of the outcomes of the workshop will be the establishment of a steering
group to co-ordinate data collation for further analysis.

Broadhead<CL, Combes RD. The current status of food additivestoxicity testing and the potential



for application of thethree Rs. Altern Lab Anim 2001;29(4):471-85.

Croci L, Stacchini A, Cozzi L, Ciccaglioni G, Mazzel F, Botre F, Toti L. Evaluation of rapid methods
for the determination of okadaic acid in mussels. JAppl Microbiol 2001;90(1):73-7.

Abstract: AIMS: Two different screening methods, a Buffalo Green Monkey cytotoxicity test and a
biosensor test, have been considered to replace the official mouse bioassay in monitoring for okadaic
acid (OA) levelsin mussels. METHODS AND RESULTS: Diarrhoetic shellfish poison-contaminated
mussels from the Adriatic Seawere assayed in parallel by means of the mouse bioassay and both
alternative methods. Both the cytotoxicity test and the biosensor test showed high sensitivity (OA 0.01
mg g-1 hepatopancreas and 0.002 mg g-1 hepatopancreas, respectively) and a high correlation with the
mouse bioassay (r=0.932, P O 0.001 and r=- 0.850, P < 0.001, respectively). CONCLUSION: Both
methods are efficacious, quick, inexpensive and provide data on the amount of toxin present in mussels.
SIGNIFICANCE AND IMPACT OF THE STUDY : Both methods, besides allowing the simultaneous
assay of agreat number of samples, comply with the ethical need to reduce the use of animalsin the
|aboratory.

Cronin M. M odeling environmental fate and toxicity. Altern Lab Anim 2001;29(4):496-7.

De Bosschere H, Baert K, Ducatelle R, De Backer P. The use of a Daphnia magna bioassay for rapid
screening of acute intoxications with insecticidesin dogs and cats. Vet Res Commun 2001;25(5):421-
7.

Abstract: Sudden death due to acute insecticide intoxications occurs frequently in dogs and cats. The
absence of characteristic lesions at autopsy often renders post-mortem diagnosis dependent on the
analysis of samples taken from the carcase at autopsy. In the present study, a bioassay utilizing Daphnia
magna was proposed and tested as arapid screening method for acute intoxications in dogs and cats. The
bioassay was shown to be highly sensitive for detecting carbamate and organophosphate insecticides in
the stomach contents. Generally. the mean survival time of the waterfleas in the control group was 5.17

h (SD = 1.24) and in the intoxicated group 1.32 h (SD = 1.49). during a 6 h observation period. If a cut-
off isset at 4 h, this Daphnia bioassay gave 5.5% false negative results and 18.2% fal se positive results.
using the results of toxicological analyses as a gold standard.

De Coen WM, Janssen CR, Segner H. The use of biomarkersin Daphnia magna toxicity testing V.
In vivo alterationsin the carbohydrate metabolism of Daphnia magna exposed to sublethal
concentrations of mercury and lindane. Ecotoxicol Environ Saf 2001;48(3):223-34.

Abstract: Aspects of the carbohydrate metabolism of Daphnia magna exposed for 48 and 96 h to
sublethal concentrations of mercury and lindane were investigated. General as well as toxicant-specific
perturbations in the intermediary metabolism were observed. Both model toxicants caused an increasein
glycolytic and hexose-monophosphate shunt activity. Mercury exposure increased | actate dehydrogenase
and isocitrate activity (only after 96 h), while lindane exposure, on the contrary, inhibited the cellular
|actate formation and increased the Krebs' cycle activity (only after 48 h). Daphnids exposed to sublethal
mercury concentrations clearly exhibited increased glycogenolytic activity, while in lindane-exposed
organisms mainly glycogen phosphorylase inhibition was detected. The short-term enzyme-based effect
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levels (48--96 h LOEC and EC(10) values) were compared with the effects on the population dynamics.
This evaluation for both model toxicants suggests that threshold levels (LOEC or EC(10) values) based
on pyruvate kinase activity after 48 and 96 h of exposure could be potential early warning signals for
long-term effects. A set of enzymatic endpoints, based on the intermediary metabolism, is suggested to
characterize the metabolic state of the daphnids. Copyright 2001 Academic Press.

Evans SM, Casartelli A, Herreros E, Minnick DT, Day C, George E, Westmoreland C. Development of
a high throughput in vitro toxicity screen predictive of high acutein vivo toxic potential. Toxicol In
Vitro 2001;15(4-5):579-84.

Abstract: At an early stage of drug discovery high throughput screens are an invaluable tool to de-select
compounds with undesirable properties. A high throughout in vitro toxicity screen has been developed
and validated to identify compounds that have a high potential to be acutely toxic in vivo. Thisscreen is
based on treating Chinese hamster ovary (CHO) cells with test compounds for 24 h and then
determining the degree of cytotoxicity by the reduction of Resazurin. Twenty-six structurally unrelated
compounds were chosen that spanned a range of acute LD(50) values and mechanisms of toxicity. The
acute LD(50) values (intraperitoneal and intravenous routes) from rat and mouse were taken from the
RTECS database. Experimentally derived in vitro |C(35) results were compared to the 'most

toxic' (lowest) LD(50) values for each compound. The resulting correlation was statistically significant
(r=0.8475). However, due to the scatter of the data points, it was considered not appropriate to rank
compounds according to their degree of in vivo toxicity on the basis of the in vitro result. However, by
defining cut-off concentrations for both the in vivo (LD(50)) and thein vitro (IC(35)) valuesit was
possible, using the in vitro result (1C(35) <10 &mgr;M), to identify compounds that had a high potential
to be acutely toxic in vivo ('most toxic' LD(50) <25 & mgr;mol/kg). Further development led to a high
throughput screen capable of giving a'Yes, 'No' or 'Borderline' classification as to whether a compound
has a high acute in vivo toxic potential. This screen is highly specific (no false positive classifications)
and has a sensitivity of approximately 80%. Thisis deemed acceptable for afirst tier toxicity screen at
an early stage in the drug discovery process. Transfer of this screen from GlaxoSmithKline UK to sites
in Italy, Spain and the USA resulted in very similar findings indicating the inter-laboratory robustness of
this screen and therefore the ability to compare results across the GlaxoSmithKline sites.

Ford RA, Domeyer B, Easterday O, Maier K, Middleton J. Criteria for development of a database for
safety evaluation of fragrance ingredients. Regul Toxicol Pharmacol 2000;31(2 Pt 1):166-81.
Abstract: Over 2000 different ingredients are used in the manufacture of fragrances. The majority of
these ingredients have been used for many decades. Despite thislong history of use, all of these
ingredients need continued monitoring to ensure that each ingredient meets acceptable safety standards.
Aswith other large databases of existing chemicals, fulfilling this need requires an organized approach
to identify the most important potential hazards. One such approach, specifically considering the dermal
route of exposure as the most relevant one for fragrance ingredients, has been developed. This approach
provides arational selection of materials for review and gives guidance for determining the test data that
would normally be considered necessary for the elevation of safety under intended conditions of use. As
afirst step, the process takes into account the following criteria: quantity of use, consumer exposure, and
chemical structure. These are then used for the orderly selection of materials for review with higher
quantity, higher exposure, and the presence of defined structural alerts all contributing to a higher



priority for review. These structural alerts along with certain exposure and volume limits are then used
to develop guidelines for determining the quality and quantity of data considered necessary to support an
adequate safety evaluation of the chosen materials, taking into account existing data on the substance
itself aswell as on closely related analogs. This approach can be considered an alternative to testing;
therefore, it is designed to be conservative but not so much so asto require excessive effort when not
justified.

Garner RC. Accelerator mass spectrometry in pharmaceutical resear ch and development--a new
ultrasensitive analytical method for isotope measurement. Curr Drug Metab 2000;1(2):205-13.
Abstract: Accelerator mass spectrometry (AMS) permits the measurement of elemental isotopes at the
individual atom level. The main application of AMS in drug discovery and development will be in the
analysis of 14-carbon (14C). The principle behind AMS is the separation of individual positively
charged atoms through mass, charge and momentum differences. In order to obtain the high-energy
charge state required for separation, negative atoms are accelerated through a high voltage field (up to
10 million volts) generated by atandem Van de Graaff accelerator. In the middle of the accelerator, the
outer valency electrons are stripped from the atom and the resulting charged species are separated and
counted. For 14C, AM S counts the number of individual atoms rather than measuring radioactive
decays. Theresult isthat AMS is up to one million times more sensitive than decay counting.
Radioactivity levels aslow 0.0001 dpm can be detected using AMS. The exquisite sensitivity of AMS
analysis means that much lower amounts of 14C can be used than for conventional counting methods.
Thismakes it easier to use 14C for in vitro, preclinical and clinical research programmes. As 14C poses
both a biological and environmental hazard, AMS permits much lower doses to be used. Human drug
mass balance studies have been conducted with doses of 50 nanoCuries and below. Radioactive HPLC
metabolite profiles of plasma extracts from subjects given nanoCurie doses of 14C-labelled drug have
been obtained by injecting as little as 0.25 dpm onto an HPL C column. In studies of biologics,
biosynthetically 14C-labelled recombinant protein has been produced with a specific radioactivity
sufficient to conduct human clinical studieswith AMS analysis. For one human recombinant protein an
increase in sensitivity of 2,000-fold over ELISA was obtained with AM S measurement. AMSisan
enabling technology that should prove of value in increasing human and environmental safety as well as
allowing new research directions to be followed.

Genschow E, Liebsch M, Halle W, Spielmann H. [Report on the ICCVAM workshop on in vitro
methods for assessing acute systemic toxicity]. ALTEX 2001;18(2):115-6 [Ger].

Abstract: It was suggested in the ICCVAM workshop that the Register of Cytotoxicity (RC), using in
vitro cytotoxicity datato predict the in vivo starting doses, should be implemented into acute toxicity
testing as soon as possible. The validity of the in vitro cytotoxicity datato establish appropriate starting
doses for acute toxicity testing will be assessed experimentally. Secondly, in order to replace the use of
animals in acute lethality testing aformal validation will be conducted in which the ability to predict
rodent LD50 values and toxicity classes from cytotoxicity datawill be evaluated.

Gerner |, Zinke S, Graetschel G, Schlede E. Development of a decision support system for the
introduction of alter native methodsinto local irritancy/corrosivity testing strategies. Creation of
fundamental rulesfor a decision support system. Altern Lab Anim 2000;28(5):665-98.



Abstract: The notification procedure of the European Union (EU) for new chemicals requires the
application of protocols on physicochemical and toxicological tests for the evaluation of
physicochemical properties and probable toxic effects of each notified substance. A computerised
database was devel oped from data sets and toxicological test protocols relating to substance properties
responsible for skin and eye irritation/corrosion. To devel op specific structure-activity relationship
(SAR) models and to find rules for a decision support system (DSS) to predict local irritation/corrosion,
physical property data, chemical structure data and toxicological datafor approximately 1300 chemicals,
each having a purity of 95% or more, were evaluated. The evaluation demonstrated that the lipid
solubility and aqueous solubility of achemical are relevant to, or - in some cases - responsible for, the
observed local effects of a substance on the skins and eyes of rabbits. The octanol/water partition
coefficient and the measured value of the surface tension of a saturated aqueous solution of the
substance give additional information that permits the definition of detailed SAR algorithms that use
measured solubility values. Data on melting points and vapour pressure can be used to assess the
intensity and duration of local contact with a chemical. Considerations relating to the reactivity of a pure
chemical can be based on molecular weight and the nature of the heteroatoms present. With respect to
local lesions produced following contact with the skin and eyes of rabbits, the data evaluation revealed
that no general "local irritation/corrosion potential” of a chemical can be defined. A variety of
mechanisms are responsible for the formation of local lesions on the skin or in the eyes: serious lesions
are produced by mechanisms different from those that cause moderate irritation in these organs. In order
to develop a DSS that uses the information extracted from the database, chemical main groups were
categorised on the basis of their empirical formulae, and rules were defined of the type IF
(physicochemical property) A, THEN not (toxic) effect B, based on correl ations between specific local
effects and measured physicochemical values. Other rules of the type IF substructure A, THEN effect B
were developed based on correlations between specific local effects and the submitted structural
formulae. Reactive chemical substructures relevant to the formation of local lesions and rules for the
prediction of the absence of any skin irritation potential were identified. Proposals are made relating to
the development of alternatives to eye irritation testing with rabbits.

Green S, Goldberg A, Zurlo J. TestSmart-high production volume chemicals: an approach to
implementing alternativesinto regulatory toxicology. Toxicol Sci 2001;63(1):6-14.

Abstract: This Article examines the status and application of alternatives defined as replacements,
refinements, and reduction for screening high production volume (HPV) chemicals. It specifically
focuses on the Screening Information Data Set (SIDS), a series of toxicological tests recommended by
the Organization for Economic Cooperation and Development to screen such chemicals. Alternative
tests associated with acute, repeat-dose, genetic, and reproductive and devel opmental toxicity were
examined at 2 meetings of academic, industry, and regulatory scientists and their status determined.
Testswere placed in 1 of 3 categories. ready for immediate use, in need of or currently undergoing
validation, or needing research/devel opmental work. With respect to traditional acute toxicity testing,
the basal cytotoxicity approach was placed in the category of research with the up-and-down, fixed-
dose, limit test, and the acute toxic class categorized as available for immediate use and the neutral red
assay under validation. Cell culture methods that could provide information on acute target organ
toxicity were all categorized in the research stage. Studies of the Ah receptor were placed under
validation. éAII alternative tests for repeat-dose toxicity were placed in the category of research. With



regard to genetic toxicity, the Ames, mouse lymphoma, and Chinese hamster ovary methods were
considered ready for immediate use, while the in vitro micronucleus and Syrian hamster ovary assays
were placed in the validation category. All alternatives for developmental toxicity, with the exception of
gene chip technology, were placed in the category of validation. Gene chip technology is considered to
be in the research stage. For reproductive toxicity, sperm motility and morphology were considered as
ready for immediate use, with the other assays categorized as needing validation or in the research stage.
Follow-up to these results is obvious. Work needs to be conducted to move those tests from the research
stage to the validation and use stage. Thisis one approach to the development of aternativesto SIDS.
Progress along these lines would apply not only to SIDS but also to toxicology in general.

Green S, Goldberg AM, Zurlo J. The TestSmart-HPV Program--development of an integr ated
approach for testing high production volume chemicals. Regul Toxicol Pharmacol 2001;33(2):105-9.
Abstract: The TestSmart program was developed in response to the High Production Volume Chemical
Challenge, avoluntary initiative under which chemical producers provide basic toxicity data on
chemicals produced in greater than one million pounds annually. Specifically, under the Challenge,
chemical producers will generate data as needed to compl ete the Screening Information Data Set (SIDS),
as defined by the Organization for Economic Cooperation and Development (OECD). The TestSmart
program is a collaborative effort of the Johns Hopkins Center for Alternativesto Animal Testing, the
Environmental Defense Fund, Carnegie-Mellon University, and the University of Pittsburgh. The goal of
the TestSmart program is to provide a humane and efficient approach to collecting SIDS data. The
program has two objectives, one immediate and the other more long term. The immediate objective has
been to make recommendations to reduce the number of animals used in collecting SIDS data under the
Challenge. This was accomplished, through a group process, by examining the current status of
alternative methods for SIDS endpoints and by providing an assessment of the "state of readiness’ of
current and potential future alternatives. The long-term objective isto provide amodel for other
programs to follow the TestSmart concept of a more efficient and humane approach to obtain
toxicological data of interest to regulators and the public. Copyright 2001 Academic Press.

Guilhermino L, Diamantino T, SilvaMC, Soares AM. Acute toxicity test with Daphnia magna: an
alter native to mammalsin the prescreening of chemical toxicity? Ecotoxicol Environ Saf 2000;46
(3):357-62.

Abstract: In this study, the association between the acute toxicity of 15 compounds to Daphnia magna,
expressed as 24- and 48-h LC(50) values, and the corresponding oral LD(50) values for the rat was
tested. Since there was evidence of a strong relationship between the two species, the sample was
extended to 54 cases by including the values for acute toxicity to D. magna and rat of more chemicals
published by other authors. Thus, atotal of 54 data points were further used to ascertain the relationship
between the acute toxicity of chemical compoundsto D. magna and that to the rat. To summarize its
validity, the D. magnatest is more specific than sensitive as an indicator of toxicity to therat. Wheniitis
used with achemical that has a high probability of being very toxic to D. magna (LC(50)< 0.22 mg/L),
the test provides considerable information if it is positive, virtually giving evidence of toxicity to the rat
(with a probability of 0.83). On the other hand, a negative test (D. magna LC(50)>0.22 mg/L) hasa
probability of correctly assigning nontoxicity to the rat equal to 0.74. This study and results published by
other authoys provide good evidence of the applicability of using invertebrate tests as prescreening



methods, thus considerably reducing the number of mammals required in toxicity testing.

Hastings KL. Assessment of immunosuppressant drug car cinogenicity: standard and alter native
animal models. Hum Exp Toxicol 2000;19(4):261-5.

Abstract: Drugs intended for use in preventing allograft rejection in transplant patients are likely to be
administered chronically; thus, it is normally expected that sponsors would conduct nonclinical studies
to determine the carcinogenic potential of candidate compounds. For pharmaceuticals other than
biologic agents, this would mean that rodent carcinogenicity bioassays would be performed under most
circumstances. |mmunosuppressant drugs have presented unique challenges with respect to the issue of
carcinogenicity bioassays. The pharmacological activity of therapeutic immunosuppressants is thought
to make them highly likely to act as promoters/cocarcinogens, even in the absence of genotoxic activity.
Thus, it is assumed that this class of drug would represent a carcinogenic hazard in the absence of
confirmatory standard rodent bioassay data. In addition, rodents typically have been sensitive to the
pharmacol ogical/toxicological effects of immunosuppressants. It has proven to be difficult, therefore, to
conduct life-time bioassays at doses reasonably equivalent to those that would be used clinically. For
this and other reasons, alternative models might be more appropriate for risk assessment with this class
of drugs.

Jansson T, Loden M. Strategy to decreasetherisk of adver se effects of fragrance ingredientsin
cosmetic products. Am J Contact Dermat 2001;12(3):166-9.

Abstract: In spite of extensive self-regulation of the fragrance industry, fragrance ingredients are il
major causes of allergic contact dermatitis. There are indications that the problem isincreasing in some
countries, and that many nonregulated compounds are involved in the development of allergies. The use
of essential ails in fragrance compounds might add both allergenic and carcinogenic compoundsto a
product and the exact composition of such ingredientsis difficult to control. Herein, we propose a

simple strategy to decrease the risk of adverse effects of fragrance ingredients in cosmetic products. This
strategy consists of four major steps: (1) limit the concentration of fragrance compound in the products,
(2) follow legislation and guidelines, (3) limit the concentration of a number of well-known sensitizing
fragrance chemicals, and (4) limit the concentration of essential oils and materials with unknown
composition. The strategy is discussed as an alternative to animal testing and in relation to other more
resource-demanding approaches to the same problem.

Johnson BM, Bolton JL, van Breemen RB. Screening botanical extractsfor quinoid metabolites.
Chem Res Toxicol 2001;14(11):1546-51.

Abstract: Botanical dietary supplements represent a significant share of the growing market for
aternative medicine in the USA, where current regulations do not require assessment of their safety. To
help ensure the safety of such products, an in vitro assay using pulsed ultrafiltration and LC-MS-MS has
been devel oped to screen botanical extracts for the formation of electrophilic and potentially toxic
guinoid species upon bioactivation by hepatic cytochromes P450. Rat liver microsomes were trapped in
aflow-through chamber by an ultrafiltration membrane, and samples containing botanical extracts, GSH
and NADP(H), were flow-injected into the chamber. Botanical compounds that were metabolized to
reactive intermediates formed stable GSH adducts mimicking a common in vivo detoxification pathway.
If present irythe ultrafiltrate, GSH conjugates were detected using LC-MS-M S with precursor ion



scanning followed by additional characterization using product ion scanning and comparison to standard
compounds. As expected, no GSH adducts of reactive metabolites were found in extracts of Trifolium
pratense L. (red clover), which are under investigation as botanical dietary supplements for the
management of menopause. However, extracts of Sassafras albidum (Nutt.) Nees (sassafras),
Symphytum officinale L. (comfrey), and Rosmarinus officinalis L. (rosemary), all of which are known
to contain compounds that are either carcinogenic or toxic to mammals, produced GSH adducts during
this screening assay. Several compounds that formed GSH conjugates including novel metabolites of
rosmarinic acid were identified using database searching and additional LC-MS-MS studies. This assay
should be useful as a preliminary toxicity screen during the development of botanical dietary
supplements. A positive test suggests that additional toxicological studies are warranted before human
consumption of a botanical product.

Johnson DE, Wolfgang GH. Predicting human safety: screening and computational approaches.
Drug Discov Today 2000;5(10):445-54.

Abstract: Current preclinical safety evaluation programs use a combination of computational methods,
mechanistic in vitro screening and - primarily - in vivo experimentation to predict human toxicity. The
rapid transition of pharmaceutical R& D into electronic R&D (e-R& D) makes it imperative that
predictive safety testing also develops into an information-rich, knowledge-based processin the near
future. Accordingly, enhanced databases and computational tools are expected to change the way the
pharmaceutical industry assesses drug toxicity during discovery and early development. Expert use of
prediction tools should lead to lower failure rates in drug development and decrease the cost and time
involved in successful drug approval.

Kaul S, Hoffmann A. [Mediator release assay of rat basophil leukemia cells as alternative for
passive cutaneous anaphylaxistesting (PCA) in laboratory animals]. ALTEX 2001;18(1):55-8 [Ger].
Abstract: Passive cutaneous anaphylaxis (PCA) isan animal model for inflammatory reactionsin Type |
alergy. Anin vitro assay based on IgE dependent and allergen-induced mediator release of RBL-2H3
cellsis presented as an alternative for PCA. The assay has been adopted to the special needs of
examining allergen extracts and has been proven to be practicable and reliable. A high number of
sampl es can be processed quickly in one assay, with intra-assay variations below 10%. The first
successful applications are the measurement of biologic potenciesin allergenic extracts and the
determination of murine serum IgE antibodies. Further studies will show whether this assay is suited to
evaluate the efficiency of anti-inflammatory and anti-allergic drugs.

Klemm M, Genschow E, Pohl I, Barrabas C, Liebsch M, Spielmann H. [Per manent embryonic mouse
germ cell-lines, an in vitro alternative to in vivo germ cell mutagenicity tests]. ALTEX 2001;18
(2):127-30 [Ger].

Abstract: Germ cell mutagenesisis required by the 7th amendment of the directive 67/548 EEC into the
national regulations on existing chemicals. Officially accepted in vivo test systems for stage specific
mutagenicity are the dominant lethal (DL) test and the specific locus test (SLT) in mice. An acceptable
in vitro alternative designed to address germ cell mutagenesis and discriminate between male and female
specific effectsis not available at present. In order to offer a sensitive and predictive in vitro method to
assess the genotoxic potential of chemical agents on male and femal e reproduction, we establisned



primordial germ (PG) cell-derived permanent embryonic germ (EG) cell lines of the mouse (strain
BALB/cJ). The differences in developmental sensitivity of the EG(3) cell line and differentiated
fibroblast cells 3T3 were comparatively tested with cytotoxicity assay (MTT test ) and genotoxic studies
(SCE-assay) under identical test conditions. The concentration-response curves reflected the female cell
line EG(3) to be extremely sensitive concerning cytotoxic and genotoxic endpoints. Therefore this cell
line was used to classify in vivo genotoxic and non-genotoxic test substances with different potential
endpoints. Applying linear discriminant analysis three endpoints were identified for the correct
classification (100%) of al test chemicals, namely the SCE(200) value (increase of 200% in the mean
number of SCEs per metaphase spread) for EG(3) (3 hrs and 24 hrs assay) and the IC(5)0 value for EG
(3) after 3 hrs of exposure to test chemicals.

Kobayashi K. Methods of statistical analysis of quantitative data obtained by toxicological
bioassays using rodentsin Japan: historical transition of the decision tree. JEnviron Biol 2001;22
(2):1-9.

Abstract: Massive amounts of quantitative data are being obtained by toxicity tests with time. These data
sometimes include the data with a different distribution pattern or with different numbers of animalsin
each group. The tree-type algorithm has long been used commonly to promptly analyze the difference
between the control group and dosage groups. In Japan, the decision tree has been used since 1982 with
several modifications of theinitial procedure. Recently, the method has been revised to have a high
power. The changes have been made in two directions; one is a sophisticated method and the other isa
simplified method. In this paper, the historical transition of the decision tree is described and the future
of the decision tree forecasted.

Kobayashi K, Kanamori M, Ohori K, Takeuchi H. [A new decision tree method for statistical analysis
of quantitative data obtained in toxicity studies on rodents]. Sangyo Eiseigaku Zasshi 2000;42
(4):125-9 [Jpn].

Abstract: Regarding the statistical analysis of the quantitative data obtained in control and dosage groups
in toxicity studies, we tried to ssmplify the decision tree method. In a new decision tree presented in this
Article, one-way analysis of variance and Kruskal-Wallis nonparametric analysis of variance are
excluded from the traditional decision tree: (1) Bartlett's test is used as atest for the equality of k
variances: (2) Then, if the k sampled populations have equal variances (p > 0.05 by the Bartlett's test),
Dunnett's multiple comparison test is performed: otherwise, Steel's test is used. This new method, which
Increases the power in some conditions, may serve as an alternative to the traditional decision tree
method.

Levenbook |, Dragunsky E, Pervikovc Y. Development of a transgenic mouse neurovirulencetest for
oral poliovirusvaccine: international collaborative study 1993-1999. Vaccine 2000;19(2-3):163-6.
Abstract: The neurovirulence safety of oral live poliovirus vaccine (OPV) has been tested in monkeys,
because only primates are sensitive to al three types of poliovirus. The genetic engineering of transgenic
mice susceptible to poliovirus led to studies on the suitability of these mice for a neurovirulence test of
OPV. A WHO international collaborative study started with type-3 OPV in 1993 and was completed in
1999. The study produced a voluminous set of data proving that the TgPVR21 mice, inoculated with
OPV samplesinto the lumbar cord, provided atest for neurovirulence of OPV as sensitive and



reproducible as the monkey test. A statistical decision model for acceptance/rejection of type-3 vaccines
using the transgenic mouse test has been developed. The mouse neurovirulence test showed a number of
essential advantages over the monkey test. Thisisthe first example of a successful introduction of
transgenic animals into control of biologicals. In October 1999, the WHO Expert Committee on
Biological Standardization approved TgPVR21 mice as aternative to the monkey model for
neurovirulence testing of OPV type 3. A fina step of the collaborative study with OPV typesland 2is
in progress, and data obtained so far are promising. Two breeding stations for production of TgPVR21
mice are being established in Asia and Europe.

Libowitz L. CAATSCAN: areview of alter natives. News and information. In Vitr Mol Toxicol
2000;13(2):153-4.

Lovett RA. Toxicogenomics. Toxicologists brace for genomics revolution. Science 2000;289
(5479):536-7.

Luber-Narod J, Smith B, Grant W, Jimeno JM, Lopez-Lazaro L, Faircloth GT. Evaluation of the use of
in vitro methodologies astools for screening new compoundsfor potential in vivo toxicity. Toxicol
In Vitro 2001;15(4-5).571-7.

Pennie WD, Tugwood JD, Oliver GJ, Kimber I. The principles and practice of toxigenomics:
applications and opportunities. Toxicol Sci 2000;54(2):277-83.

Pfaller W, Balls M, Clothier R, Coecke S, Dierickx P, Ekwall B, Hanley BA, Hartung T, Prieto P, Ryan
MP, et a. Novel advanced in vitro methodsfor long-term toxicity testing: thereport and
recommendations of ECVAM wor kshop 45. European Centrefor the Validation of Alternative
Methods. Altern Lab Anim 2001;29(4):393-426.

Prieto P. ECVAM 'sin-house prevalidation/validation studiesin the areas of haematotoxicity,
reproductive toxicity, metabolism-mediated toxicity and epithelial barrier function. Sci Total
Environ 2000;247(2-3):349-54.

Abstract: The European Centre for the Validation of Alternative Methods (ECVAM) facilitates, co-
ordinates and parcticipates in validation activities at the European Union level. Various experimental
studies, e.g. in the areas of haematotoxicity, reproductive toxicity, nephrotoxicity and epithelial barrier
function, and metabolism-mediated toxicity, are underway in ECVAM's laboratories. ECVAM itself is
currently involved in the prevalidation/validation of two assays, the colony-forming unit granulocyte/
macrophage (CFU-GM) assays for predicting acute neutropenia and the embryonic stem cell test for
predicting embryotoxicity. In the areas of metabolism-mediated toxicity and nephrotoxicity and
epithelial barrier function, severa assays are in the course of development. In many cases, the
recommendations of various ECVAM workshops are being followed.

Ronai E, Danyi D. Conventional and alternative acute oral toxicity testsin toxicological practice.
Cent Eur J Public Health 2000;8 Suppl:80
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Sandbacka M, Christianson |, Isomaa B. The acute toxicity of surfactants on fish cells, Daphnia
magna and fish-a compar ative study. Toxicol In Vitro 2000;14(1):61-8.

Abstract: There is a need to replace acute toxicity tests on fish (LC(50)) with more cost effective assays.
The main objective of this study was to explore whether gill epithelial cells, hepatocytes and Daphnia
magna could be used to predict acute toxicity of surfactants on fish. The acute toxicity of 10 synthetic
surfactants (anionic, cationic, nonionic and zwitterionic) and two resin acids were determined on
hepatocytes and gill epithelia cells from rainbow trout (Oncorhynchus mykiss), on Daphnia magna and
on fish. Cell viability was measured with the fluorescent viability probe calcein-AM, immobilization
was determined for Daphnia and 24-hr LC(50) for rainbow trout. The EC(50) values for the cellular tests
were clearly higher than the corresponding values for Daphnia and fish, indicating that the cellular tests
with the endpoint used are less sensitive than whole organisms. A combination of the EC(50) values for
Daphnia and freshly isolated gill epithelial cellsin suspension showed, however, a good correlation with
acute toxicity on fish (r(2)=0.91 and slope=1.09). The combination seemsto be a promising in vitro
alternative to acute toxicity tests on fish (LC(50)), but a more exhaustive comparison, including a broad
spectrum of chemicals should be made before the predictive value of the combined in vitro test can be
evaluated.

Sass N. Humane endpoints and acute toxicity testing. ILAR J 2000;41(2):114-23.

Schleger C, Krebsfaenger N, Kalkuhl A, Bader R, Singer T. [Innovative cell culture methodsin drug
development]. ALTEX 2001,;18(1):5-8 [Ger].

Abstract: The animal studies necessary for drug registration are time-consuming, costly, and often
stressful for the animals. Toxicological screening of drug candidates early in development with in vitro
cell culture systems is therefore of relevance. In contrast to animal studies, in vitro cell culture methods
are characterized by alow compound requirement and a short duration. Additionally it is possible to
include mechanistic studies or to test for toxicity specific to humans. Therefore, early toxicological
screening can provide a useful support for selecting the most promising drug candidate. Primary
hepatocytes can be used to measure the cytotoxicity of atest compound. These results can be used to
estimate general toxicity. Measuring endpoints like apoptosis, redox status, or gene expression profiles
can help to answer mechanistic questions. The use of primary human hepatocytes provides early
predictivity for hepatotoxicity specific to humans. Since teratogenic findingsin animal studies often lead
to abandonment of development, it is reasonable to use an in vitro embryotoxicity assay for early
determination of the teratogenic potential of a compound, e.g. the embryonic stem cell test (EST) which
was recently developed by ZEBET. In the EST embryonic stem cells are investigated for their preserved
capability to differentiate into cardiomyocytes following drug exposure. In comparison cytotoxicity of
the test substance is analyzed in embryonic stem cells and in differentiated fibroblast cells. Ina
validation study initiated by ECVAM the EST shows a high correlation with in vivo data.

Schmuck G. [Theimportance of standardised cell culture methodsfor the routine toxicology in
phar maceutical companies]. ALTEX 2001;18(1):79-80 [Ger].
Abstract: The establishment and the use of standardised cell cultures build the basis for toxicological

Investigations and guarantees the comparison over years. The requirement for these investigationsin
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vitro are mainly primary cell cultures from the target organs. The cell cultures should keep, also under
long term culture conditions, the organ differentiation. Thiswill be supported by new developmentsin
the fields of cell culture media, supplements and coating material of the cell culture dishes. Routinely,
cells from toxicologically important organs like liver, kidney and nervous system were used in vitro.
However, mechanistic investigations of toxicological findingsin vivo made the use of cell systems from
other organs like cartilage, bone, skeletal and heart muscle cells, testis eg necessary. All cell culture
systems were established and standardised to allow repeated tests under the same conditions. The
determination of characteristic proteins or enzymes of the related organ will demonstrate the organ like
quality of the cell cultures. The central question of toxicology is the risk assessment. Here, thein vitro
toxicology will provide important information by a comparison between human and animal cell cultures
under the same conditions.

Sels PG, Laing GD, Theakston RD. An in vivo but insensate model for the evaluation of antivenoms
(ED(50)) using fertile hens' eggs. Toxicon 2001;39(5):665-8.

Abstract: The preclinical evaluation of the efficacy of new antivenoms (ED(50)) in animalsisrequired
by international regulatory authorities. In vitro testing alone does not provide the end point of lethality of
aliving system which is essential for an antivenom to prevent. Large numbers of mice are injected with
venom/antivenom mixtures and the number of surviving miceis statistically analysed to give an ED(50)
value reflecting the efficacy of that antivenom. Our objective was to devel op a humane alternative to the
conventional rodent ED(50) test using fertile hens eggs. The egg test combines the advantages of an in
Vivo system, which gives a clear end point for haemorrhage and lethality, with the certain knowledge
that no distress can be experienced by the embryo which isinsensate at day 6 of development. Nine
different, medically-important venoms and antivenoms were tested by both the rodent and egg ED(50)
assays. A good correlation between the two tests was obtained (p<0.01) suggesting that the egg ED(50)
method should be considered as an aternative to the rodent ED(50) test for non-neurotoxic venoms. Use
of the egg ED(50) test would substantially reduce both the numbers of experimental animals required
and also the considerable costs involved in delivering improved clinical treatment of snakebite.

Smith D, Trennery P, Farningham D, Klapwijk J. The selection of marmoset monkeys (Callithrix
jacchus) in pharmaceutical toxicology. Lab Anim 2001;35(2):117-30.

Abstract: Prior to controlled clinical trialsin human volunteers or patientsit is required that novel
pharmaceuticals are evaluated for pre-clinical safety in arodent and a non-rodent (‘second’) species. In
most cases the rodent species used has been the rat and the second species has been the dog or macague
(usually cynomolgus or rhesus) monkey. However, there is an increasing trend within the United
Kingdom (UK) pharmaceutical industry to use the common marmoset (Callithrix jacchus) for pre-
clinical toxicology programmes. This paper examines the practicality of using the common marmoset
(henceforth referred to as 'the marmoset’) in toxicological testing and reviews metabolic and
pharmacodynamic similarities between this species and humans. It then discusses some of the
advantages and disadvantages of the use of this species when compared with two other aternativesto
the dog and macagque, namely the ferret and minipig. In parcticular, the marmoset has clear advantages
over the macague in terms of animal welfare and practicality. Thereis regulatory acceptance of this
species for Investigational New Drug (IND), Clinical Trial Exemption (CTX), New Drug Application
(NDA) and Marketing Authorization Application (MAA) registrations. Whilst the dog islikely to be



maintained as the primary non-rodent species in toxicology, the marmoset has been, and will likely
continue to be, adopted as an additional non-rodent species in pre-clinical toxicology programmes where

appropriate.

Spielmann H. International co-operation: an essential requirement for replacing animal toxicity
tests. Altern Lab Anim 2001;29(6):633-4.

Abstract: The Three Rs concept, which was developed by Russell and Burch in 1959, was implemented
into the legal framework in the European Union (EU) for the protection of vertebrate animals used for
experimental and other scientific purposes, when Directive 86/609/EEC was adopted in 1986. One focus
of activity under this Directive is the use of animals and alternative methods in regulatory testing. To
reduce or replace animal testing for regulatory purposes, non-animal tests must be independently
validated to prove that they can provide information that is relevant and reliable for hazard prediction in
relation to specific types of toxicity in vivo. At the end of the 1980s, no scientific concept existed for the
formal validation of in vitro toxicity tests, so asmall group of European and American scientists met to
develop a set of principles for experimental validation, which were first adopted by ECVAM in Europe
in 1995, and, after harmonisation with experts from the USA and Japan, accepted internationally by the
OECD in 1996. ECVAM has directly funded a number of validation studies, and a major breakthrough
in the year 2000 was the acceptance for regulatory purposesin the EU of scientifically validated in vitro
toxicity tests for phototoxic potential and for skin corrosivity. These, and other examples which are
discussed, confirm that the internationally harmonised ECVAM/ICCVAM/OECD validation concept is
apractical and effective way of making possible the replacement of regulatory testing in animals.

Spielmann H, Muller L, Averbeck D, Balls M, Brendler-Schwaab S, Castell JV, Curren R, de Silva O,
Gibbs NK, Liebsch M, et a. The second ECVAM wor kshop on phototoxicity testing. Thereport
and recommendations of ECVAM wor kshop 42. Altern Lab Anim 2000;28(6):777-814.

Stoklosowa S. Three dimensional tissue and organ modelsin vitro: their application in basic and
practical resear ch. Folia Histochem Cytobiol 2001;39(2):91-6.

Abstract: Good and reliable three dimensional biomodel in vitro should mimic the in vivo structure and
function of investigated tissue or organ. This can be achieved through the interaction of various cell
types and the environment (extracellular matrix, as well as spatial cell contacts). While designing such a
model it is necessary to find best nutritive and adhesive factors, to allow access to components of
optimal matrix and to enable cell contacts in three dimensions. The response and function of such
models reminds physiological function of tissue of origin. Over several years there has been an
increasing number of experiments and publications reporting research involving spatial cell models. This
model and its structural and molecular analysis clearly showed, that in comparison with conventional
cultures, mainly monocultures grown as monolayers, spatial cultures resemble the in vivo situation with
regard to cell shape and biological behaviour. Spatial arrangement of cells and the environment can
direct tissue differentiation. Interesting example of the importance of the environment for the latter, is
the finding that the ectopic implantation of embryonic cells transforms them into malignant tissue while
the same cells located in the uterus undergo normal embryogenesis. The present review describes several
three-dimensional modelsin vitro and their application in basic and practical studies. It is especially
interesting and important in the light of developments of tissue modeling to obtain in vitro substitutes of



damaged or impaired tissues and organs. Other demands come from animal protectionists who suggest
replacement of experimental animals with cultures and tissue models in bio-, pharmacological, and
toxicological assays. In response, European Union legislation introduces increasing restrictions on
animal experiments. At last, researchers seek in vitro models which would enable avoiding discrepancies
between in vitro and in vivo results.

Vanchieri C. Move over, mouse: make way for the woodchucks, ferrets, and zebrafish. J Natl
Cancer Inst 2001;93(6):418-9.

Williams PL, Anderson GL, Johnstone JL, Nunn AD, Tweedle MF, Wedeking P. Caenor habditis
elegans as an alter native animal species. J Toxicol Environ Health A 2000;61(8):641-7.

Abstract: Caenorhabditis elegans has proven useful in toxicity testing of known toxicants, but its
potential for assessing the toxicity of new pharmaceuticalsis relatively unexplored. In this study the
procedures used in aquatic testing of toxicants were modified to permit testing of small amounts (<40
mg) of gadolinium-based magnetic resonance imaging (MRI) compounds. Five blinded compounds
were tested. The toxicity of these compounds determined using C. elegans was compared to existing
mammalian test system data (minimum lethal dose [MLD] values for mice). Four of five compounds
tested had the same relative sensitivity with C. elegans as with the mouse test system. Testing with C.
elegansis efficient and could markedly reduce the cost of screening potentially useful compounds.

Zeilinger K, Auth S, Unger J, Grebe A, Mao L, Petrik M, Holland G, Appel K, Nussler A, Neuhaus P, et
a. [Liver cell culturein bioreactorsfor in vitro drug studies as an alternativeto animal testing].
ALTEX 2000;17(1):3-10 [Ger].

Abstract: An important consideration for the utilisation of in vitro culture models for studies on drug
metabolism as an alternative to animal testing is the maintenance of a defined degree of cell
differentiation. Thus, in vitro conditions reflecting as near as possible the in vivo situation of the cells
within the whole organ are required. A bioreactor was developed for the cultivation of liver cellswhich
allows the reorganisation of hepatocytes and non-parenchymal cells of the liver in coculture to form
three-dimensional, tissue-like structures including extracellular matrix components produced by the
cells. In this study, the vitality and metabolic activity of isolated rat hepatocytes was investigated over a
two week culture period in bioreactors. The results show that after a reorganisation phase, the cells
preserve specific functions, such as protein and urea synthesis capacity and specific cytochrome P450
activities during the culture period, with maximal values during the first week. Possible applications of
the model in pharmaceutical industry are studies on metabolite patterns, enzyme induction, drug-drug-
interactions, first pass effects and long-term toxicity of drugs.

Zinke S, Gerner |. Local irritation/corrosion testing strategies. extending a decision support system
by applying self-lear ning classifiers. Altern Lab Anim 2000;28(5):651-63.

Abstract: Procedures have been established and tested for the extension of a decision support system
(DSS) for the prediction of the local irritation/corrosion potential of chemicals by using self-learning
classifiers. The different approaches (decision trees, distances examinations in a multidimensional space,
k-nearest-neighbour method) have been implemented, tested and evaluated independently. A
combination of all of the established extension approaches was also devel oped and tested. Self-learning



classifiers are constructed "automatically" by a computer, i.e. they are not derived by a human expert,
and thus they can be constructed with minimal effort. The classifiers presented here extend the existing
DSS in amanner that increased significantly the predictive power of the extended system. However,
automatically calculated results of self-learning classifiers are produced by a machine, and amachineis
incapable of explaining the toxicological relevance of the results obtained. Thus, these results must be
accepted, despite an inability to prove their reliability. Only the mathematical correctness of the method
and the prediction rates for suitable test cases can lend some credibility to predictions produced by a
computer calculating on a self-learning basis. This may not be adequate for regulatory hazard
assessment purposes.

CARCINOGENESIS

Achanzar WE, Achanzar KB, Lewis JG, Webber MM, Waalkes MP. Cadmium induces c-myc, p53,
and c-jun expression in normal human prostate epithelial cellsasa prelude to apoptosis. Toxicol
Appl Pharmacol 2000;164(3):291-300.

Abstract: Cadmium is a suspected human prostatic carcinogen shown to induce prostatic tumors and
proliferative lesionsin rats. The carcinogenic mechanism of cadmium is unknown, but its poor
mutagenicity points toward an epigenetic mechanism. Here we studied the effect of cadmium on genes
involved in growth regulation of prostate epithelial cell using the human prostate epithelial cell line
RWPE-1, which isimmortalized but not transformed and is androgen-responsive. Treatment with 10
&mgr;M cadmium resulted in transient increases in c-myc and p53 mMRNA levels that peaked at 2-fold
and 1.4-fold, respectively, compared to control after 2 h. In contrast, c-jun mMRNA levels were increased
>3-fold after 2, 4, and 6 h and 20-fold after 24 h. DNA synthesis decreased after 24 h of cadmium
exposure. Further study revealed a significant increase in apoptosis after 48 h of cadmium exposure.
However, approximately 35% of the cells were still viable and appeared normal, indicating this
subpopulation was more resistant to cadmium. Furthermore, these resistant cells had 2.5-fold more
metallothionein than untreated control cells. This suggests that cadmium could act to select for apoptotic-
defective cellsin vivo, thereby increasing the likelihood of tumor formation. This work represents the
first description of cadmium affecting oncogene expression in a human cell model of a potential in vivo
target site of cadmium carcinogenesis.

Ackland ML, Michalczyk A, Whitehead RH. PM C42, a novel model for the differentiated human
breast. Exp Cell Res 2001;263(1):14-22.

Abstract: Cultured human breast carcinoma cell lines are important models for investigating the
pathogenesis of breast cancer. Their use, however, islimited because of loss of expression of breast-
specific markers and the development of a dedifferentiated phenotype after continuous culture. PMC42
IS a unique human breast carcinoma line, previously shown to express secretory and myoepithelial
markers. We have induced PMC42 cells to form hollow organoids in culture, similar to in vivo breast
structures, using a combination of hormones including estrogen, progesterone, dexamethasone, insulin,
and prolactin in combination with a permeable extracellular matrix. The organoids comprised polarized
cellslocated around a central lumen. Expression of beta-casein was demonstrated in cells within
organoids using reverse transcriptase-polymerase chain reaction, Western blot analysis, and confocal
immunoflugrescence. In thisin vitro system, milk-specific gene expression was induced through



hormone and matrix interactions which may be similar to those operating in vivo. PMC42 is anovel
model for investigations into the molecular mechanisms of carcinogenesis and differentiation in the
human breast.

Andersen ME, Meek ME, Boorman GA, Brusick DJ, Cohen SM, Dragan Y P, Frederick CB, Goodman
JI, Hard GC, O'FHaherty EJ, et a. L essons learned in applying the U.S. EPA proposed cancer
guidelines to specific compounds. Toxicol Sci 2000;53(2):159-72.

Abstract: An expert panel was convened to evaluate the U.S. Environmental Protection Agency's
"Proposed Guidelines for Carcinogen Risk Assessment” through their application to data sets for
chloroform (CHCI3) and dichloroacetic acid (DCA). The panel also commented on perceived strengths
and limitations encountered in applying the guidelines to these specific compounds. This latter aspect of
the panel's activitiesis the focus of this perspective. The panel was very enthusiastic about the evolution
of these proposed guidelines, which represent a major step forward from earlier EPA guidance on cancer-
risk assessment. These new guidelines provide the latitude to consider diverse scientific data and alow
considerable flexibility in dose-response assessments, depending on the chemical's mode of action. They
serve as avery useful template for incorporating state-of-the-art science into carcinogen risk
assessments. In addition, the new guidelines promote harmonization of methodol ogies for cancer- and
noncancer-risk assessments. While new guidance on the qualitative decisions ensuing from the
determination of mode of action isrelatively straightforward, the description of the quantitative
implementation of various risk-assessment options requires additional development. Specific areas
needing clarification include: (1) the decision criteria for judging the adequacy of the weight of evidence
for any parcticular mode of action; (2) the role of mode of action in guiding development of
toxicokinetic, biologically based or case-specific models; (3) the manner in which mode of action and
other technical considerations provide guidance on margin-of-exposure calculations; (4) the relative
roles of the risk manager versus the risk assessor in evaluating the margin of exposure; and (5) the
influence of mode of action in harmonizing cancer and noncancer risk assessment methodologies. These
points are elaborated as recommendations for improvements to any revisions. In general, the
Incorporation of examples of quantitative assessments for specific chemicals would strengthen the
guidelines. Clearly, any revisions should retain the emphasis present in these draft guidelines on
flexibility in the use of scientific information with individual compounds, while simultaneously
Improving the description of the processes by which these mode-of -action data are organized and
interpreted.

Anisimov VN. Mutant and genetically modified mice as modelsfor studying therelationship
between aging and car cinogenesis. Mech Ageing Dev 2001;122(12):1221-55.

Abstract: Increased interest is emerging in using mouse models to assess the genetics of aging and age-
related diseases, including cancer. However, only limited information is available regarding the
relationship between aging and spontaneous tumor development in genetically modified mice. Analysis
of various transgenic and knockout rodent models with either a shortened or an extended life span,
provides a unique opportunity to evaluate interactions of genesinvolved in the aging process and
carcinogenesis. There are only afew models which show life span extension. Ames dwarf mutant mice,
p66(-/-) knockout mice, alpha MUPA and MGMT transgenic mice live longer than wild-type strains.
The incidenge of spontaneous tumorsin these mutant mice was usually similar to those in controls,



whereas the latent period of tumor development was increased. Practically all models of accelerated
aging showed increased incidence and shorter latency of tumors. This phenomenon has been observed in
animals which display a phenotype that more closely resembles natural aging, and in animals which
manifest only some features of the normal aging process. These observations are in agreement with an
earlier established positive correlation between tumor incidence and the rate of tumor incidence increase
associated with aging and the aging rate in a population. Thus, genetically modified animals are a
valuable tool in unravelling mechanisms underlying aging and cancer. Systemic evaluation of newly
generated models should include onco-gerontological studies.

Ariyoshi N, Imaoka S, Nakayama K, Takahashi Y, FujitaK, Funae Y, Kamataki T. Comparison of the
levels of enzymesinvolved in drug metabolism between transgenic or gene-knockout and the

par ental mice. Toxicol Pathol 2001;29 Suppl:161-72.

Abstract: Drug-metabolizing enzymes are involved in the metabolic activation or detoxification of
carcinogens. To evaluate animals developed as models for alternative carcinogenicity testing, we
investigated whether or not a gene manipulation including the transgene of ras and the knocking out of a
tumor suppressor gene such as p53 or XPA could alter the expression of representative drug-
metabolizing enzymes directly or indirectly. Expression of severa isoforms of cytochrome P450 (CY P)
in the liver of rasH2, p53 (+/-), Tg.AC, and XPA (-/-) mice with or without treatment of prototype
inducer. phenobarbital or 3-methylcholanthrene, was analyzed by Western immunoblotting in
comparison with their parental strains of mice. In addition, the activities of 3 magjor phase Il enzymes,
UDP-glucronosyltransferase, sulfotransferase, and glutathione S-transferase, were compared between
the gene-manipulated and the corresponding parental strains of mice. Results demonstrate that X PA
gene knockout appeared to increase constitutive expression of CY P2B and CY P3A isoforms.
Overexpression of human c-Ha-ras gene or p53 gene knockout appeared to increase constitutive UGT
activity toward 4-nitrophenol. The content or activities of almost al other enzymes examined in the
present study do not appear to be affected by the gene manipulation.

Bai L, Kon K, Tatsumi M, Ito H, Hayashi S, Brautigam M. A human B-cell CLL model established by
transplantation of JOK-1 cellsinto SCID mice and an anti-leukemia efficacy of fludarabine
phosphate. Oncol Rep 2000;7(1):33-8.

Abstract: The present study was carried out to establish a human chronic lymphocytic leukemia (CLL)
mouse model by transplantation of a JOK-1 human CLL cell line into SCID (severe combined
immunodeficient) mice and to examine anti-leukemic effects of fludarabine phosphate, a prodrug of 9-
beta- D-arabinofuranosyl-2-fluoroadenine (2F-ara-A). In vitro cytotoxic screening pattern of 2F-ara-A
differed from those of other anticancer agents. Intraperitoneal inoculation with JOK-1 cellsin SCID
mice allowed the cells to infiltrate into a variety of organsincluding the liver and thymus, and resulted in
the death of the mice with amedian survival time of 29.5 days, associated with hepatomegaly,
splenomegaly and enlarged lymph nodes. The ascitic cells expressing the human B-lymphocytic cell
surface antigen CD19 actually grew after alatent period of 15 days. In this model, twice daily
administration of fludarabine phosphate at a dose of 135 mg/kg for 5 days prolonged the survival time of
the mice for considerably longer period than once-a-day treatment. Fludarabine phosphate in the
doubled course of twice daily increased life span of 32.9%, which wasin asimilar range to that of
doxorubicin, Thus, intraperitoneal inoculation of the human JOK-1 CLL cellsinto SCID mice seems to



serve as an animal model potentially for human leukemia, suggesting that transplantation and
subsequent infiltration processes of human CLL cellsis useful measures to explore mechanistic aspects
for drug-induced modulation of the tumor progression.

Bar K, Harlozinska A. M or phological and phenotypic characterization of a new established
ovarian carcinoma cell line (OvBH-1). Anticancer Res 2000;20(5A):2975-80.

Abstract: BACKGROUND: A limited number of permanent ovarian carcinoma cell lines have been
described so far and the majority of them have been derived from ovarian ascitic fluid cells taken from
patients with serous ovarian carcinoma usually after chemotherapy treatment. MATERIALS AND
METHODS: The cells for culture were obtained from ascitic fluid cells of a patient with ovarian clear
cell carcinoma. Cytomorphological analysis of cultured cells at early and late passages was performed
by hematoxylin-eosin staining. Immunophenotypic characterization of cells was performed using the
following monoclonal antibodies against: intermediated cellular filaments (CK 6/18, CK 7, CK
1,5,6,8,10,14,18, V9) ovarian carcinoma-associated antigens (OC125, OV-TL 3), carcinoembryonic
antigen, p53 and c-erbB-2 oncoproteins. RESULTS: In the established ovarian carcinoma cell line
(OvBH-1) two morphologically distinct cell types were recognized. Cytomorphologically the
dominating type appears to frankly malignant features. The second cell subtype showed alower degree
of malignant features. The epithelial origin of both cell types was confirmed by immunohistochemical
staining using antibodies against different cytokeratin epitopes. The expression of tumor-associated
antigens (CA 125, OV-TL3) was found in both cell subtypes reflecting their origin from ovarian
carcinoma. The cell line was negative for CEA staining. The genetic defects of cultured cells were
revealed by detection of p53 and c-erbB-2 overexpression. The level of both oncoproteins and especialy
c-erbB-2 was higher in the cell subtype with frankly malignant morphological features.
CONCLUSIONS: A new established, well characterized ovarian clear cell carcinoma line OvBH-1
provides an experimental model for further investigation of the biological alterations responsible for
carcinogenesis and chemoresistance of this uncommon subtype of epithelial ovarian carcinomas.

Barreto-Zuniga R, Kato Y, Bobadilla DJ, Okuyama M, Maruyama M, Ohta H, Takekoshi T, Shigematsu
A. [Importance of Helicobacter pylori in the pathogenesis of gastric cancer. Experimental models
in rodents]. Rev Gastroenterol Mex 2000;65(4 Suppl 2):25-33 [Spal.

Abstract: We found that the seroprevalence in Cancer Institute of H. pylori infection was significantly
more frequent in gastric cancer than in age- and gender-matched controls. This study suggested an
epidemiological link between H. pylori infection and gastric cancer. H. pylori exhibits a complex system
of enzymes which serve arange of functions. Toxic effects are produced by urease (UR), phospholipase
(PL) and alcohol dehydrogenase (ADH). We embarked on an exploration of the enzyme activities of H.
pylori infected patients using a TL C-autoradioluminography. This method has a wide dynamic range
and could offer an analytical technique for studying a radioactive compound and its enzymesin H.

pylori infected mucosa. Biopsies samples taken from 21 gastric cancer patients and 95 controls were
studied. Although high activity of UR indicates well the presence of H. pylori impairment, activities of
ADH and PL reflects more the chronicity of mucosal damage in both groups. Clearly, the enzyme
profile showed in our study reflects the "physiological” adaptations behind chronic injured mucosal
changes but itsrelation to gastric cancer and H. pylori needs further study. Thereis an urgent need to
understand the carcinogenesis process using animal models. We performed previous study for to explore



the effect of H. pylori infection on N- methyl-N-nitrosourea-induced (MNU) gastric carcinogenesisin
mice C57BL/6 mice were administered broth culture of H. pylori and given MNU in drinking water. In
terms of the incidence of neoplasms development was increase in the MNU group pre-infected with H.
pylori. That findings showed that C57BL/6 mice-infected model iswell suited for investigating the
bacteria promoter effect in the gastric carcinogenesis. Finally another rodent model study (still in
process) showed rapid development of hyperplastic gastritis with gastric erosionsin H. pylori-infected
MTH1 knockout mice. We sought to further evaluate MTH21 knockout mice as potential test animal for
carcinogenesis. CONCLUSION: It is suggested that H. pylori infection is an important risk factor for the
development of gastric cancer. The possibility that this organism acts etiologically, exerting its effect
over long period of time, is biologically plausible. However, therole of H. pylori per sein that processis
still amatter of discussion. The various enzymes of H. pylori discussed in this paper support
colonization, and are perhaps important for epithelial damage, they could contribute to the stimulation
and modulation of the chronic inflammatory response, but its relation to gastric cancer and H. pylori
needs further study. Finally H. pylori in C57BL/6 and knockout mice showed excellent colonization at
two months and six months after infection there was adenomatous, hyperplastic and ul cerative changes.
Those findings showed that both mice-infected models are well suited for investigating the bacteria
promoter effect in the gastric carcinogenesis.

Beckwith LG, Moore JL, Tsao-Wu GS, Harshbarger JC, Cheng KC. Ethylnitrosour ea induces
neoplasia in zebrafish (Danio rerio). Lab Invest 2000;80(3):379-85.

Abstract: The zebrafish (Danio rerio) has been successfully used to discover hundreds of genesinvolved
in development and organogenesis. To address the potential of zebrafish as a cancer moddl, it is
important to determine the susceptibility of zebrafish to tumors. Germ line mutations are most
commonly induced for zebrafish mutant screens by exposing adult male zebrafish to the alkylating
agent, ethylnitrosourea (ENU). To determine whether ENU induces tumors, we compared the incidence
of tumorsin ENU-treated fish with untreated controls. Interestingly, 18 of 18 (100%) fish mutagenized
with either 2.5 or 3.0 mM ENU developed epidermal papillomas, which numbered 1 to 22 per fish,
within 1 year of treatment. The induced epidermal lesions included epidermal hyperplasia, flat
papillomas (0.2 to 1.2 mm), and pedunculated papillomas (1.2 to 8 mm in greatest dimension), but no
skin cancers. Angiogenesis was evident in papillomas larger than approximately 1 mm. All but two
papillomas contained the three cell types (keratinocytes, club, and mucous cells) of normal zebrafish
epidermis; histologic variants lacked either club cells or mucous cells. Two cavernous hemangiomas and
asingle malignant peripheral nerve sheath tumor were also found in the treated fish. None of five
untreated controls devel oped tumors. These studies establish the feasibility of the zebrafish as an
experimental model for the study of skin tumors.

Brennan LM, Boncavage-Hennessey EM, Wolfe MJ, Toussaint MW, Dennis WE, Rosencrance AB,
Gardner HS Jr. An in vivo method for using 5-bromo-2'-deoxyuridine (BrdU) asa marker of
chemically-induced hepatocellular proliferation in the Japanese medaka (Oryzias latipes). Toxicol
Pathol 2001;29(3):387-97.

Abstract: Japanese medaka fish (Oryzias | atipes) were used to develop an in vivo method to assess
hepatocellular proliferation in a nonmammalian model. Proliferative responses were assessed in medaka
at 7, 17, 24, and 94 days after a 48-hour exposure to 10 or 100 mg/L diethylnitrosamine (DEN).



Subgroups of medaka were exposed to 50 or 75 mg/L of 5-bromo-2'-deoxyuridine (BrdU) in water for
72 hours, sacrificed, and then processed for immunohistochemical staining. Proliferative indices of
BrdU-labeled hepatocytes were quantified and compared using both count and area measurements.
There was a significant increase (p < 0.05) in hepatocellular proliferation in the 100 mg/L DEN-treated
fish as compared to controls and 10 mg/L DEN-treated fish for the first 3 time points.
Hepatocarcinogenicity was evaluated 26 weeks post-DEN exposure. There was a significant increase (p
X 0.0001) in hepatocel lular neoplasmsin 100 mg/L DEN-treated fish compared to other fish. Effective
BrdU-labeling of S-phase hepatocytes in medaka was achieved by adding BrdU to the aguarium water,
and an increase in hepatocellular proliferation using this method was detected 7 days after exposureto a
carcinogenic concentration of DEN. Additionally, the new method of area measurement indices of
proliferation were as precise as count indices (R2 > or = 0.92).

Briand P, Lykkesfeldt AE. An in vitro model of human breast carcinogenesis. epigenetic aspects.
Breast Cancer Res Treat 2001;65(2):179-87.

Abstract: A review is given of 12 years of research on a human breast epithelial cell line, HMT-3522,
which has undergone malignant transformation in vitro without being exposed to known carcinogenic
agents. Epigenetic aspects of the malignant transformation have been considered and the results have
been viewed in aclinical context. It has been concluded that the history and characteristics of the cell
line resembl es the comedocarcinoma of the human breast. It is hypothesized that progression from
benign lesion to comedo in situ carcinoma and invasive carcinoma occurs if low levels of epidermal
growth factor are prevailing in the microenvironment. Our data also suggest that breast cancer developed
under high epidermal growth factor receptor activity is estrogen receptor negative, while suppression of
epidermal growth factor receptor activity promotes estrogen responsive breast cancer.

Brown JJ, Qin M, William-Smith L, Coker JF, Zhou H, Nishitani J, Liu X. Identification of
differentially expressed genesin human papillomavirustype-16 infected oral cancer cells.
Otolaryngol Head Neck Surg 2001;124(6):663-8.

Abstract: OBJECTIVE: The goal of this study was to determine the genes required for head and neck
cancer development. Study design and setting: Differential mMRNA display analysis was performed using
human papillomavirus Type-16 infected immortalized human oral keratinocytes (HOK-16B) and its
benzo(a)pyrene-exposed tumorigenic derivative (HOK-16B-BaP-T). RESULTS: Twenty-one
differentially expressed cDNA clones were identified between the 2 cell lines. Clone 4 with no known
homology showed lower expression in tumorigenic cells compared with either normal or immortalized
oral keratinocytes. Clone 6 expression was elevated in severa head and neck cancer cells, in addition to
Burkitt's lymphoma Raji harboring latent Epstein-Barr virus. CONCLUSION: These findings suggested
that clone 6 may be involved in the oncogenic transformation whereas clone 4 may potentially function
as atumor suppressor gene. SIGNIFICANCE: Differential mMRNA analysis using thein vitro ora
carcinogenesis model may help to identify important genetic markers for the early detection and
progression of head and neck cancer.

Budihardjo |1, Boerner SA, Eckdahl S, Svingen PA, Rios R, Ames MM, Kaufmann SH. Effect of 6-
aminonicotinamide and other protein synthesisinhibitorson formation of platinum-DNA adducts
and cisplatin sensitivity. Mol Pharmacol 2000;57(3):529-38.



Abstract: The present study was undertaken to examine the mechanistic basis for the recent observation
that the pyridine nucleotide derivative 6-aminonicotinamide (6AN, NSC 21206) enhances the
accumulation and resulting cytotoxicity of cisplatin in avariety of tumor cell lines. When A549 lung
cancer cells or K562 leukemia cells were treated with 62.5 & mgr;M 6AN for 21 h and then pul se-
labeled with [(35)S]methionine for 1 h, increased labeling of five polypeptides, one of which
corresponded to a M(r) approximately 78,000 glucose-regulated protein (GRP78), was observed. Two
subsequent observations, however, suggested that up-regulation of these polypeptides was unlikely to
explain the interaction between 6AN and cisplatin: 1) the concentration of 6AN required to induce
GRP78 was 4-fold higher than the dose required to sensitize cells to cisplatin; and 2) simultaneous
treatment of cellswith 6AN and cycloheximide prevented the increase in GRP78 but not the sensitizing
effect of 6AN. On the contrary, treatment with the protein synthesis inhibitors cycloheximide,
anisomycin, or puromycin as well as prolonged exposure to the RNA synthesis inhibitor actinomycin D
mimicked the biochemica modulating effects of 6AN on cisplatin action. Conversely, 6AN inhibited
protein synthesis, whereas 18 6AN analogs that failed to enhance Pt-DNA adducts and cisplatin
cytotoxicity failed to inhibit protein synthesis. These observations are consistent with amodel in which
6AN and other inhibitors of protein synthesis act as modulating agents by increasing cisplatin
accumulation, thereby enhancing the formation of Pt-DNA adducts and subsequent cisplatin-induced
cell death.

Bunton TE. Brown bullhead (Ameiurus nebulosus) skin carcinogenesis. Exp Toxicol Pathol 2000;52
(3):209-20.

Abstract: Alternative models using fish species have been tested in liver toxicity and carcinogenesis
bioassays. Similar models have not been developed for skin. The brown bullhead (Ameiurus nebul osus)
has shown potential as amodel for skin carcinogenesis studies due to its sensitivity to environmental
chemical pollutants. The present study is an initial morphologic and biochemical characterization of the
normal and neoplastic brown bullhead skin to assess its suitability asamodel of skin carcinogenesis.
Brown bullhead were removed from Back River in the Chesapeake Bay region, an area historically
polluted with heavy metals and polycyclic aromatic hydrocarbons. Histology, histochemistry, and
electron microscopy were used to stage the morphol ogic devel opment and progression of neoplasiain
skin. The distribution of keratin, afamily of structural proteins with altered expression in mammalian
tumorigenesis, was anayzed with one and two dimensional gel electrophoresis and nitrocellulose blots
of extracts from normal skin. Keratin expression in skin and other organs was al so assessed with
immunohistochemistry using AE1, AE3, and PCK 26 antibodies, and the proliferation index in skin and
neoplasms with PCNA antibody. Skin lesions appeared to progress from hyperplasia through carcinoma,
and the proliferation index was increased in papilloma. Also in papilloma, intercellular interdigitations
appeared increased and desmosomes decreased which may in future studies correlate with changesin
expression of other molecular markers of neoplastic progression. Both Type | and Type Il keratin
subfamilies were detected in skin using gel electrophoresis with the complimentary keratin blot-binding
assay. For further development of the brown bullhead model, future studies can compare and relate these
baseline data to aterations in expression of keratin and other markers in fish neoplasms and to molecular
events which occur in man.

Calaf G, Rysso J, Alvarado ME. Morphological phenotypesin neoplastic progression of benz(alpha)



pyrene-treated breast epithelial cells. J Submicrosc Cytol Pathol 2000;32(4):535-45.

Abstract: The neoplastic conversion of anormal cell to a malignant one is a multistage process that
occurs after a series of molecular alterations. Several chemical and physical agents can alter the
morphology of different types of cells. Scanning and transmission electron microscopy have been
valuable in evaluating changes that occur in the progression of transformation. MCF-10F, a
spontaneously immortalized human breast epithelial cell line (Soule et a., 1990), was treated with benz
(apha)pyrene (BP) (Calaf and Russo, 1993) and then transfected with the c-Ha-ras oncogene (Calaf et
al., 1995). The phenotypic changes of breast cancer progression were studied through the use of
scanning and transmission electron microscopy. Activated oncogenes have been detected in avariety of
malignant tumors and the altered expression of certain genes seemsto play arole in the cancer process.
Carcinogen-treated and transfected cells showed a progression of changes in the morphology, anchorage
Independent growth, invasiveness and capability of tumor formation in the SCID mice. Thisin vitro
cancer model can parallel the progression of breast cancer seen through molecular changes that occur
and have been observed during the natural development of this disease.

Caaf GM, Hei TK. Establishment of a radiation- and estrogen-induced breast cancer model.
Carcinogenesis 2000;21(4):769-76.

Abstract: It iswell accepted that cancer arises in a multistep fashion in which exposure to environmental
carcinogensisamajor etiological factor. The aim of thiswork was to establish an experimental breast
cancer model in order to understand the mechanism of neoplastic transformation induced by high LET
radiation in the presence of 17beta-estradiol (E). Immortalized human breast cells (M CF-10F) were
exposed to low doses of high LET alpha pArticles (150 keV/microm) and subsequently cultured in the
presence or absence of E for periods of up to 10 months post-irradiation. MCF-10F cellsirradiated with
either asingle 60 cGy dose or 60/60 cGy doses of alpha pArticles showed gradual phenotypic changes
including altered morphology, increase in cell proliferation relative to the control, anchorage-
independent growth and invasive capability before becoming tumorigenic in nude mice. In apha
pArticle-irradiated cells and in those cells subsequently cultured in the presence of E, increased BRCAL,
BRCAZ2 and RAD51 expression were detected by immunofluorescence staining and quantified by
confocal microscopy. These studies showed that high LET radiation such as that emitted by radon
progeny, in the presence of estrogen, induced a cascade of eventsindicative of cell transformation and
tumorigenicity in human breast epithelial cells.

Carmichagl NG, Debruyne EL, Bigot-Lasserre D. The p53 heter ozygous knockout mouse as a model
for chemical carcinogenesisin vascular tissue. Environ Health Perspect 2000;108(1):61-5.

Abstract: Heterozygous p53 knockout mice were investigated as a potential model for vascular tumor
carcinogenesis. Groups of 20 male mice were exposed by gavage for 6 months to the vascular
carcinogen urethane at 1, 10, or 100 mg/kg body weight/day. Wild-type and heterozygous p53 knockout
control groups were exposed by gavage to the vehicle aone. Another group of 20 male mice received d-
limonene by gavage (d-limonene is noncarcinogenic in mice). The high dose of urethane caused early
mortality in the mgjority of mice associated with histopathol ogic evidence of toxicity and tumors,
including a high incidence of benign and malignant vascular tumors, in al animals. At the intermediate
dose, toxicity was less marked and 3 of 20 mice had tumors; mice that received the low dose did not
have signs gf toxicity or neoplasia. The two control groups had no tumors and the d-limonene group had



one tumor of the prostate, which was considered spontaneous. We conclude that the p53 knockout
mouse is a useful tool for investigating vascular tumorogenesis.

Chen HC, Bhattacharyya N, Wang L, Recupero AJ, Klein EA, Harter ML, Banerjee S. Defective DNA
repair genesin aprimary culture of human renal cell carcinoma. J Cancer Res Clin Oncol 2000;126
(4):185-90.

Abstract: PURPOSE: Genomic stability is maintained by error-free DNA replication, repair, and
recombination. To determineif repair genes contribute to genomic instability, we used a newly
established cell line RCC-AJR (from clear-cell renal cell carcinoma) to examine hMSH2 (a mismatch-
repair gene) and the gene encoding DNA beta polymerase (polbeta; a known contributor to base-
excision repair). METHODS: Coding sequences of hM SH2 and polbeta were amplified by the
polymerase chain reaction (PCR) using RNA from RCC-AJR cells and matched normal kidney (NK)
cells from the same patient. Nucleotide sequences of the PCR products were determined by the dideoxy-
DNA method and direct sequencing. Expressions of repair genes were assayed by Western blotting.
Microsatellite stability in RCC-AJR cells was assayed by alteration in (CA)n repeats. RESULTS: In the
RCC-AJR cells, we detected (a) adeletion of 1476 bp encoding 492 amino acids of hMSH2 cDNA, (b)
an 87-bp deletion in the polbeta coding sequence, (c) truncated forms of hM SH2 and polbeta proteins,
and (d) microsatellite instability. CONCLUSIONS: This study provides evidence of alterationsin

hM SH2 and polbeta in the homogeneous cell population of an RCC-AJR tumor culture. The data
indicate that repair genes may help preserve genomic stability in this cell line. We believe that this new
primary RCC-AJR cédll line will prove a useful model for investigating the cascade of genetic eventsin
renal cellsthat leadsto renal carcinogeness.

Clarke AR. Manipulating the germline: itsimpact on the study of carcinogenesis. Carcinogenesis
2000;21(3):435-41.

Abstract: Over the past two decades, the mouse has established itself as the primary organism in which
to investigate the fundamental mechanisms of carcinogenesis and to model human neoplasia. The
principal reason underlying such dominance almost certainly arises out of our ever increasing ability to
manipul ate the murine germline. Over the past 20 years we have moved from a position where animal
models arose either spontaneously or were generated through exposure to carcinogen to a position in
which it is possible to create and study precise mutations of choice. The most recent advances in
inducible and conditional technologies now open the possibility for both temporal and tissue-specific
gene manipulation. Each of these technological breakthroughs has facilitated significant steps forward in
our understanding of the genetic basis of tumorigenesis. This review will highlight some of the major
advances in the production and use of murine models of neoplasia over the last two decades.

Cohen SM. Alternative modelsfor carcinogenicity testing: weight of evidence evaluations acr oss
models. Toxicol Pathol 2001;29 Suppl:183-90.

Abstract: Twenty-one chemicals were evaluated by standardized protocolsin 6 mouse models that have
been sugggested as alternatives to the 2-year mouse bioassay. |ncluded were genotoxic and
nongenotoxic chemicals, carcinogens and noncarcinogens, immunosuppressive and estrogenic agents,
peroxisome proliferators, and chemicals producing cancer in rodents by other mechanisms. Mice were
sacrificed githe end of 6 to 12 months, depending on the model. Standardized histopathol ogy,



biostatistical analyses, and criteriafor overall evaluation of the results were employed. The TQAC
transgenic (dermal and oral administration), the Tg-rasH2 transgenic, the heterozygous p53 gene
knockout, the homozygous XPA and homozygous X PA-heterozygous p53 gene knockout, and the
neonatal mouse models were evaluated. The chemicals were also evaluated in the in vitro SHE assay.
Comparison of the results between the various in vivo models suggest that they might have usefulness as
screening bioassays for hazard identification for potential human carcinogens. They have the benefits of
being quicker, less expensive, and involve fewer animals than the traditional 2-year mouse bioassay.
They do not appear to be overly sensitive. However, they do not definitively distinguish between
genotoxic and nongenotoxic carcinogens, and they do not have 100% specificity for identifying human
carcinogens. Like the 2-year bioassay, the results from these models need to be evaluated in conjunction
with other information on achemical in an overall weight-of-evidence, integrated analytical approach to
assess risk for human exposures.

Cohen SM, Robinson D, MacDonald J. Alter native modelsfor car cinogenicity testing. Toxicol Sci
2001;64(1):14-9.

Abstract: The International Conference on Harmonisation Expert Working Group on Safety suggested
that under certain circumstances, data from alternative assays could be used in safety evaluation in place
of asecond bioassay. Several alternatives were discussed. Six of these models were evaluated in a
collaborative effort under the auspices of the Health and Environmental Sciences Institute (HESI)
branch of the International Life Sciences Institute (ILSI). Standard protocols, pathology review, and
statistical evaluations were devel oped. Twenty-one chemicals were evaluated, including genotoxic,
nongenotoxic, carcinogenic, and noncarcinogenic chemicals. The models that were evaluated included
the p53(+/-) heterozygous knockout mouse, the rasH?2 transgenic mouse, the TgAC transgenic mouse
(dermal and oral administration), the homozygous X PA knockout and the X PA/p53 knockout mouse
models. Also evaluated were the neonatal mouse models and the Syrian Hamster Embryo (SHE)
transformation assay. The results of this comprehensive study suggest that some of these models might
be useful in hazard identification if used in conjunction with information from other sources in aweight
of evidence, integrated analysis approach to risk assessment.

Corcoran C, Mehta C, Senchaudhuri P. Power comparisonsfor testsof trend in dose-response
studies. Stat Med 2000;19(22):3037-50.

Abstract: The Cochran-Armitage test for trend is a popular statistical procedure for detecting increasing
or decreasing probabilities of response when a categorical exposure is ordered. Such associations may
arisein avariety of biomedical research settings, parcticularly in dose-response designs such as
carcinogenicity experiments. Previously, computing limitations mandated the use of the asymptotic
trend test, but with the availability of new algorithms, increased computing power, and appropriate
software the exact trend test is now a practical option. Nevertheless, the exact test is sometimes
criticized on the grounds that it is conservative. In this paper we investigate the implications of this
conservatism by comparing the true type | error and power of three alternative tests of trend - the
asymptotic test, the exact test and an admissible exact test proposed by Cohen and Sackrowitz. The
computations are performed by an extension to the network algorithm of Mehtaet a. Thisalows usto
make precise power comparisons between the tests under any given design without resorting to
simulation. We show how this tool can guide investigators in choosing the most appropriate test by



considering the design of two-year carcinogenicity studies carried out by the National Toxicology
Program. We additionally compare the tests for various other combinations of sample sizes and number
of groups or levels of exposure. We conclude that the asymptotic test, while more powerful whereit is
valid, generally does not preserve the type | error. Thisviolation of the a priori testing level can be
greatly affected by imbalance in the data or unequal spacing of dose levels. Copyright 2000 John Wiley
& Sons, Ltd.

Croce MV, Colussi AG, Zambelli A, Price MR, Segal-Eiras A. Establishment and char acterization of
acdl line (T201) derived from a human larynx squamous cell carcinoma. Int JOncol 2001;18
(4):729-35.

Abstract: The purpose of this report was the initiation and further maintenance of tumor cellsfrom a
primary larynx squamous cell carcinoma. A tumor fragment was mechanically dissociated, the cells
were grown in RPMI medium, being the primary culture dependent on the presence of epidermal growth
factor and insulin; during subsequent passages the adaptation to conventional growth conditions was
obtained. Cells grew in monolayer with an epitheliod shape, showing a pavement-like arrangement; at
confluence, cells piled up without contact inhibition maintaining the same morphology. Population
doubling time was about 48 h with a colony-forming efficiency of 10%. Immunocytochemical
characterization was performed with a panel of monoclonal antibodies reactive against tumor associated
antigens, including mucin glycoproteins and related carbohydrate antigens, carcinoembryonic antigen
(CEA), p53 aswell as cytokeratins, vimentin and desmin. T201 expressed CEA, sialyl Lewisx, Lewis X,
Lewisy, MUC1 mucin, Tn hapten, p53, vimentin and cytokeratins. On the other hand, a modal
chromosome diploid number of 46 occurring in 74% of cells was detected. Present data confirmed that
the methodol ogy employed was adequate for the establishment and characterization of anew cell line
which can provide a useful model to study biological and immunological aspects of larynx squamous
cell carcinoma.

Custer L, Gibson DP, Aardema M J, LeBoeuf RA. A refined protocol for conducting thelow pH 6.7
Syrian hamster embryo (SHE) cell transfor mation assay. Mutat Res 2000;455(1-2):129-39.
Abstract: The Syrian hamster embryo (SHE) cell transformation assay evaluates the potential of
chemicals to induce morphological transformation in karyotypically normal primary cells. Induction of
transformation has been shown to correlate well with the carcinogenicity of many compoundsin the
rodent bioassay. Historically the assay has not received wide-spread use due to technical difficulty. An
improved protocol for alow pH 6.7 assay was developed by LeBoeuf et al. [R.A. LeBoeuf, G.A.
Kerckaert, M.J. Aardema, D.P. Gibson, R. Brauninger, R.J. Isfort, Mutat. Res., 356 (1996) 85-127], that
greatly reduced many of the technical difficulties associated with the SHE assay. The purpose of this
paper is to describe the most current execution of the pH 6.70 protocol including protocol refinements
made since the publication of a comprehensive protocol for this assay in Kerckaert et a. [G.A.
Kerckaert, R.J. Isfort, G.J. Carr, M.J. Aardema, Mutat. Res., 356 (1996) 65-84].

De Larco JE, Wuertz BR, Manivel JC, Furcht LT. Progression and enhancement of metastatic
potential after exposure of tumor cellsto chemotherapeutic agents. Cancer Res 2001;61(7):2857-61.
Abstract: Data presented in this report indicate short-term in vitro treatment of nonmetastatic MCF-7
breast carcigoma cells with the chemotherapeutic agents-, Adriamycin and/or 5-fluoro-2'-deoxyuridine



(FUdR), induced changes in the expressed phenotype. Cells treated sequentially with Adriamycin and
FUdR expressed a metastatic phenotype. The results also show short-term exposure of MCF-7 cellsto
either Adriamycin or FUdR rapidly increases, in a dose-dependent manner, the release of the angiogenic
cytokine, interleukin-8(IL-8), which isreleased at consistently higher levelsin metastatic cell lines. Cell
populations surviving a single treatment with either one or both of these chemotherapeutic agents
continue to stably release IL-8. Survivors of sequential treatment with Adriamycin and FUdR (MCF-7 A/
F) release the most IL-8 and express the greatest phenotypic variance from the parental, MCF-7 cells.
Parental MCF-7 cells and MCF-7 A/F cells both form primary tumors when used in an orthotopic tumor
model; however, the MCF-7 A/F tumors have a more rapid initial growth phasein situ and give rise to
spontaneous lung metastases within 10 weeks. A cell line that is established from lung metastases
releases more IL-8, has a higher cloning efficiency, and forms looser colonies in monolayer than do their
parental cells. These experiments indicate the in vitro exposure of tumor cells to chemotherapeutic
agents either selects more aggressive cells or enhances the metastatic potential of the surviving cells.

ElmoreE, Luc TT, Li HR, Buckmeier JA, Steele VE, Kéelloff GJ, Redpath JL. Correlation of
chemopreventive efficacy data from the human epider mal cell assay with in vivo data. Anticancer
Res 2000;20(1A):27-32.

Abstract: Continuous exposure to low doses of potentially mutagenic and carcinogenic chemicals over
the human lifetime makes the identification of agents, which could reduce the ensuing risk of cancer,
beneficial. The Human Epidermal Cell (HEC) Assay includes multiple exposures to low, non-toxic
doses of propane sultone, which increases cellular growth and inhibits differentiation, and co-exposure
to potential chemopreventive agents to determine their ability to inhibit the increased growth or increase
differentiation. Original data are presented on the efficacy of twenty potential cancer chemopreventive
agents were screened for efficacy in the HEC Assay. Efficacy was determined by the ability of agents, at
nontoxic concentrations, to reverse either of the propane sultone-induced biomarkers, enhanced growth
and reduced involucrin expression. Based on the number of positive concentrations and the lack of
toxicity, 1,2-dithiol-3-thione, oltipraz, and a synthetic retinoid, Ro 16-9100, were the most active.
Eleven of seventeen positive agents were active for both endpoints. S-Allylcysteine was only active for
the growth inhibition endpoint, and DFMO, Iycopene, perillyl alcohol, ursodiol, and black tea
polyphenols were only active for the involucrin endpoint. The three agents that have been shown to be
negative in anima models, diphenhydramine, d-mannitol, and nordihydroguaiaretic acid, were correctly
identified as negative by the assay. When the data from previous studies (EImore et al, Anticancer Res,
19: 909-918, 1999) are included, a positive response in one or more endpoints of the HEC Assay
correlates 100% (26/26) with a positive response in one or more of the animal cancer prevention models
(8). The available data suggest that the HEC Assay response is highly predictive of efficacy in animals
in vivo with an overall accuracy of 90%. Future studies will include data with additional negative
agents. The correlation of the HEC Assay data with datafrom in vivo studies in animal models, which
utilize multiple carcinogens and multiple target organs, would suggest that thisin vitro assay has the
ability to identify agents with the potential to prevent carcinogen-induced cancer. While our ultimate
goal isto identify agents with potential efficacy for preventing human cancer, sufficient human data are
not yet available to make this correlation.

Fang J, Shing Y, Wiederschain D, Yan L, Butterfield C, Jackson G, Harper J, Tamvakopoulos G, Moses



MA. Matrix metalloproteinase-2 isrequired for the switch to the angiogenic phenotypein a tumor
model. Proc Natl Acad Sci U S A 2000;97(8):3884-9.

Abstract: Among the earliest and most important stages during tumorigenesisis the activation of the
angiogenic process, an event that is termed the "switch to the angiogenic phenotype." We have
developed an in vivo system that can reliably recapitul ate the stages in tumor development that represent
this transition. Using this model, we have harvested and studied tumor nodules that can be distinguished
from each other on the basis of their degree of vascularization. Angiogenic tumor nodules were
characterized by the presence of capillary vessels as determined by factor V111 immunohistochemistry,
and both angiogenic and proteolytic activities in vitro. In contrast, preangiogenic nodules were devoid of
microvessels and showed little angiogenic or proteolytic activity in vitro. Addition of a specific
metalloproteinase inhibitor resulted in the abrogation of both angiogenic and proteolytic activities of the
angiogenic nodulesin vitro. Comparative substrate gel el ectrophoresis detected the presence of a
prominent matrix metalloproteinase (MMP-2) in the angiogenic nodules when compared with the
preangiogenic ones. Suppression of MMP-2 activity by antisense oligonucleotides in the vascular
nodules resulted in the loss of angiogenic potential both in vitro and in vivo in the chick chorioallantoic
membrane assay. Moreover, this suppression of MMP-2 activity in angiogenic nodules inhibited tumor
growth in vivo by approximately 70%. These results strongly implicate the activity of MMP-2 as a
requirement for the switch to the angiogenic phenotype and validate this model as areliable and
reproducible tool by which to study other cellular and biochemical factors involved in the acquisition of
the angiogenic phenotype.

Fang MZ, Kim DY, Lee HW, Cho MH. Improvement of in vitro two-stage transfor mation assay and
deter mination of the promotional effect of cadmium. Toxicol In Vitro 2001;15(3):225-31.

Abstract: The classical in vitro two-stage transformation method was modified for high transformation
frequency, and the promotional effect of cadmium was evaluated. In this study, we reconfirmed the
usefulness of the replating method and the optimal duration time between the initiator and promoter
treatments for the optimal transformation of the Balb/3T3 cells. The results also showed that subsequent
exposure to CdCI(2) for 2 weeks after initial exposure to N-methyl-N'-nitro-N-nitrosoguanidine
(MNNG) markedly enhanced the transformation frequency. At the concentration of 360 ng/ml, the
transformation frequency was increased by 35-fold that of the cultures treated only with MNNG, and
was higher than that of the positive control group treated with 100 ng/ml 12-O-tetradecanoy! phorbol-13-
acetate (TPA) after MNNG treatment. This transformation frequency was higher than that reported
previously. Therefore, thisin vitro two-stage transformation method can be used efficiently for the
screening of genotoxic and non-genotoxic carcinogens and the study of multistage carcinogenesis. These
results also indicate that cadmium has a strong potency as a promoter, and the promotional effect of
cadmium is higher than that of TPA.

Farber E. Risk assessment for possible carcinogens: a critical look. Drug Metab Rev 2000;32(2):143-
51.

Abstract: Our overall understanding of mechanisms of toxicology in relation to human disease, with
prevention of disease as amajor objective, dependsin part on the development of an adequate number of
ways to assess risks, both short term and long term. Despite the cost, the long duration of the test, and
some pitfalls, the long-term animal tests remain, to date, the only reliable assay for possible carcinogens.



Recent work has concentrated increasingly on the development of short-term tests to replace the long-
term tests. Such a development would be most welcome from severa points of view. To date, avariety
of approaches have been or are being used. These include (1) activation to an alkylating agent with DNA
as the most important target, generating possible mutationsin DNA and DNA damage with or without
repair, (2) induction of cell proliferation, at least afew cycles, with DNA synthesis as the major target,
again favoring mutations, and (3) decrease in cell-to-cell communication (gap-junctional intercellular
communication) as a supposed test for promotion. None of these proposed assays are reliable indices for
possible carcinogenic effects of chemicals or other agents; the scientific basis for this negative
conclusion is discussed.

French J, Storer RD, Donehower LA. The nature of the heter ozygous Trp53 knockout model for
identification of mutagenic carcinogens. Toxicol Pathol 2001;29 Suppl:24-9.

Abstract: The heterozygous Trp53 null allele C57BL/6 (N5) mouse is susceptible to the rapid
development of neoplasia by mutagenic carcinogens relative to control strains. This mouse model of
chemical carcinogenesis demonstrates 1) dose-related rapid induction of tumors (26 wks), 2) multiple
sites of carcinogen-specific tissue susceptibility, and 3) carcinogen-induced loss of heterozygosity
involving the Trp53 wild-type alele or a p53 haploinsufficiency permitting mutation of other critical
protooncogenes and/or inactivation of tumor suppressor genes driving tumorigenesis. Demonstration of
mutation or loss of heterozygosity involving the Trp53 locus is consistent with a common finding in
human cancers and supports extrapolation between rodents and humans. Using diverse experimental
protocols, amost all mutagenic rodent carcinogens (including all mutagens that are carcinogenic to
humans), but not nonmutagenic rodent carcinogens, induce tumors within 26 weeks of continuous
exposure. These characteristics and results indicate that the mouse heterozygous for the Trp53 null allele
may be of significant use for the prospective identification of mutagenic carcinogens of potential risk to
human health.

Frowein J. Hypothesis. chemical carcinogenesis mediated by a transiently active car cinogen
receptor. Cytogenet Cell Genet 2000;91(1-4):102-4.

Abstract: Biologically active small-molecular-weight compounds are actively transported into the cell
nucleus by a specific receptor. This has been widely demonstrated for retinoids, polycyclic hydrocarbons
(such as steroids), and dioxin. Thus, it is reasonable to assume that genotoxically active polycyclic
hydrocarbons, and possibly all genotoxically active small-molecular-weight substances, exert their
transformational effect in the cell nucleus via a specific receptor. | propose that the receptor is activated
only at the end of the G(1) phase of the cell cycle and that the carcinogen receptor complex interferes
directly with DNA synthesis, leading to mutations. This hypothesis may account for various
characteristics of malignant growth, such as the organ specificity of carcinogens and the relationship
between cell proliferation and malignant transformation. If so, it could form the basis for establishing a
radioreceptor assay for carcinogens. Copyright 2001 S. Karger AG, Basel.

Fu PP, Von Tungeln LS, Hammons GJ, McMahon G, Wogan G, Flammang TJ, Kadlubar FF. M etabolic
activation capacity of neonatal micein relation to the neonatal mouse tumorigenicity bioassay.
Drug Metab Rev 2000;32(2):241-66.

Abstract: The neonatal mouse tumorigenicity bioassay is awell-developed animal model that has



recently been recommended as an alternative tumorigenicity bioassay by the International Conference
on Harmonization (ICH) for Technical Requirements for the Registration of Pharmaceuticals for Human
Use. There are sufficient data to conclude that this animal model is highly sensitive to genotoxic
chemical carcinogens that exert their tumorigenicity through mechanisms involving the formation of
covalently bound exogenous DNA adducts that lead to mutation. On the other hand, it is not sensitiveto
chemical carcinogens that exert tumorigenicity through a secondary mechanism. The metabolizing
enzymes present in the neonatal mouse, parcticularly the cytochromes P450, are critical factorsin
determining the tumorigenic potency of achemical tested in this bioassay. However, compared to the
metabolizing enzymes of the adult mouse and rat, the study of the metabolizing enzymes in neonatal
mouse tissues has been relatively limited.

Ghanayem BI, Wang H, Sumner S. Using cytochrome P-450 gene knock-out miceto study chemical
metabolism, toxicity, and carcinogenicity. Toxicol Pathol 2000;28(6):839-50.

Abstract: Cytochrome P-450 (CY P) enzymes are heme-containing proteins that carry out oxidative
metabolism of awide range of structurally diverse exogenous chemicals and therapeutic agents as well
as endogenous compounds. For some of these xenobiotics, oxidative metabolism results in the formation
of toxic, mutagenic, or carcinogenic metabolites. In the past, the role of CY P enzymes in metabolism
and chemical-induced toxicity was studied indirectly through use of specific antibodies or inducers and
inhibitors of these enzymes. Progress in molecular biology and the ability to bioengineer animal models
that do not express CYP1A2, CYP1A1, CYP1B1, CYP2EL, or both CYP1A2 and CY P2E1 isozymes
has allowed for direct investigations of the in vivo role of these enzymes in the metabolism, toxicity, and
carcinogenicity of xenobiotics. This Article reviews research conducted to date that utilizes these
genetically bioengineered mice in metabolism, toxicity, or carcinogenicity studies of chemicals. Some
studies showed a positive correlation between in vivo results and in vitro predictions for therole of a
specific CY P in chemical-induced effects, whereas other studies did not support in vitro predictions.
Work reviewed herein demonstrates the importance of using animal models for investigating the role of
specific CY P enzymes in metabolism and chemical-induced toxicity or carcinogenicity rather than
relying solely on in vitro techniques. Eventually, studies of this nature will facilitate a more accurate
assessment of human risks with regard to chemicals by helping us to understand the relationships
between chemica metabolism, carcinogenicity, and polymorphismsin CY P enzymes.

Gonzalez FJ, Kimura S. Under standing the role of xenobiotic-metabolism in chemical

car cinogenesis using gene knockout mice. Mutat Res 2001;477(1-2):79-87.

Abstract: Most chemical carcinogens require metabolic activation to electrophilic metabolites that are
capable of binding to DNA and causing gene mutations. Carcinogen metabolism is carried out by large
groups of xenobiotic-metabolizing enzymes that include the phase | cytochromes P450 (P450) and
microsomal epoxide hydrolase, and various phase |1 transferase enzymes. It is extremely important to
determine the role P450s play in the carcinogenesis and to establish if they are the rate limiting and
critical interface between the chemical and its biological activities. The latter is essential in order to
validate the use of rodent models to test safety of chemicalsin humans. Since there are marked species
differencesin expressions and catalytic activities of the multiple P450 forms that activate carcinogens,
this validation process becomes especially difficult. To address the role of P450s in whole animal
carcinogengsis, mice were produced that lack the PA50s known to catalyze carcinogen activation. Mouse



lines having disrupted genes encoding the P450s CY P1A2, CY P2EL, and CY P1B1 were devel oped.
Mice lacking expression of microsomal epoxide hydrolase (mEH) and NADPH-quinone oxidoreductase
(NQO1) were also made. All of these mice exhibit no gross abnormal phenotypes, suggesting that the
xenobi oti c-metabolizing enzymes have no critical rolesin mammalian development and physiological
homeostasis. This explains the occurrence of polymorphisms in xenobiotic-metabolizing enzymes
among humans and other mammalian species. However, these null mice do show differencesin
sensitivities to acute chemical toxicities, thus establishing the importance of xenobiotic metabolismin
activation pathways that lead to cell death. Rodent bioassays using null mice and known genotoxic
carcinogens should establish whether these enzymes are required for carcinogenesis in an intact animal
model. These studies will also provide aframework for the production of transgenic mice and
carcinogen bioassay protocols that may be more predictive for identifying the human carcinogens and
validate the molecular epidemiological studies ongoing in humans that seek to establish arole for
polymorphismsin cancer risk.

Gupta A, Butts B, Kwel KA, Dvorakova K, Stratton SP, Briehl MM, Bowden GT. Attenuation of
catalase activity in the malignant phenotype plays a functional rolein an in vitro model for tumor
progression. Cancer Lett 2001;173(2):115-25.

Abstract: We have developed an in vitro model to study the molecular mechanisms of tumor
progression. Using repeated treatments with ionizing radiation or N-methyl-N'-nitro-N-nitrosoguanidine
(MNNG), we caused malignant progression of a papilloma producing mouse keratinocyte cell line, 308
cells. In aprevious study we have shown that the malignant variants of 308 cells have elevated reactive
oxygen species (ROS) levels, and have established afunctional role for the pro-oxidant state in the
progressed phenotype (Carcinogenesis 20 (1999) 2063). In this study, we have evaluated the status of
intracellular defense mechanisms for ROS scavenging in the progressed phenotype to identify sources
that contribute to their pro-oxidant state. Our results demonstrate that a reduction in several anti-oxidant
defense mechanisms, including catalase and glutathione S-transferase mu, correlates with the emergence
of the malignant phenotype. We provide evidence that attenuation of catalase activity may play a
functional role in the malignant progression of mouse keratinocytes.

Gupta S, Stanbridge EJ. Paired human fibrosar coma cell linesthat possess or lack endogenous
mutant N-ras alleles as experimental model for Ras signaling pathways. Methods Enzymol
2001;333:290-306.

Abstract: We present here a human cell model for examination of mutant N-ras function. The HT1080
human fibrosarcoma cell line is pseudodiploid and contains a single endogenous mutant N-ras allele.
MCHG603c8 cells are avariant of HT1080 cells, in which the mutant allele has been deleted. The two cell
lines differ dramatically in the constitutive levels of activation of downstream members of the Ras
signaling pathways, and in biological features of transformation and tumorigenicity. Downregulation or
activation of individual Ras-dependent pathways can be accomplished via transfection of dominant
negatives or activated mutant cDNAs into HT1080 and MCH®603c8 cells, respectively. The biochemical
and biological consequences of expression of these mutant cONAS can be assessed. There are dramatic
effects on both the transformed and tumorigenic phenotype, depending on the cell line and mutant
cDNA that is transfected.
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Hanaoka T, Yamano Y, Hashimoto H, Kagawa J, Tsugane S. A preliminary evaluation of intra- and
interindividual variations of hOGG1 messenger RNA levelsin peripheral blood cells as
determined by areal-time polymerase chain reaction technique. Cancer Epidemiol Biomarkers Prev
2000;9(11):1255-8.

Abstract: The hOGGL1 (8-oxoguanine-DNA glycosylase) gene may contribute to further understanding
of the relation between oxidative DNA damage and carcinogenesis. A real-time PCR technique was used
to determine mRNA levelsin peripheral blood cells to assess the possibility of using hOGG1 mRNA as
abiomarker in epidemiological studies. To evaluate the intra- and interindividual variation of hOGG1
MRNA levelsin peripheral blood cells, we measured them in five healthy nonsmokers three times over a
1-year period. The beta-actin mRNA level in each subject was set equal to 100, and the levels of hOGG1
MRNA were found to range from 1.6-17.6. The intraindividual variation range was 1.8-6.4. Although
the difference in the mRNA levels between the sampling dates was not significant (P = 0.73), a
significant difference in mRNA levels was found between the subjects (P < 0.01). The subjects seemed
to fall into groups according to their individual levels. This preliminary study may provide initia
information on the hOGG1 mRNA level of peripheral blood cells as a biomarker in epidemiological
studies on oxygen radicals, oxygen radical-related agents, and cancer.

Hedberg JJ, Grafstrom RC, Vondracek M, Sarang Z, Warngard L, Hoog JO. Micro-array chip analysis
of carbonyl-metabolising enzymesin normal, immortalised and malignant human oral
keratinocytes. Cell Mol Life Sci 2001;58(11):1719-26.

Abstract: Enzymes involved in various protective and metabolic processes of carbonyl compounds were
analysed utilising a micro-array method in a three-stage in vitro model for oral carcinogenesisinvolving
cultured normal, immortalised and malignant human oral keratinocytes. A complete transcript profiling
of identified carbonyl-metabolising enzymes belonging to the ADH, ALDH, SDR and AKR familiesis
presented. Expression of 17 transcripts was detected in normal, 14 in immortalized and 19 in malignant
keratinocytes of atotal of 12,500 genes spotted on the micro-array chip. For the detected transcripts,
about half were changed by cell transformation, and for the various enzyme families, differencesin
expression patterns were observed. The detected AKR transcripts displayed a conserved pattern of
expression, indicating a requirement for the keratinocyte phenotype, while most of the detected SDRs
displayed changed expression at the various stages of malignancy. The importance of multiple
experimentsin using amicroarray technique for reliable results is underlined and, finally, the strength of
the method in detecting co-expressed enzymes in metabolic pathways is exemplified by the detection of
the formal dehyde-scavenging pathway enzymes and the polyol pathway enzymes.

Hoelting T, Goretzki PE, Duh QY. Follicular thyroid cancer cells. a model of metastatic tumor in
vitro (review). Oncol Rep 2001;8(1):3-8.

Abstract: We used a thyroid metastatic tumor model to analyze some of the mechanisms of invasion and
metastasis in culture. Chronic TSH stimulation (thyroid stimulating hormone) was associated with
enhanced tumor proliferation and aggressiveness. We present a unique metastatic tumor model including
three follicular thyroid cancer cell lines using a human primary tumor and two metastases of the same
patient. They contain thyroglobulin, have intact thyroid functions and response to TSH. Investigating
growth factor sensitivity we found that the amplitude of stimulation or inhibition of invasion was
significantly smaller in both metastatic cell lines. Unstimulated cells of the lung metastasis had the



highest basal invasive potential, but were only minimally affected by the stimulation of growth factors.
In contrast, the parental cell line had the lowest basal invasiveness, but was considerably stimulated by
growth factors.

HuY, LamKY, Wan TS, Fang W, MaES, Chan LC, Srivastava G. Establishment and
characterization of HKESC-1, a new cancer cell line from human esophageal squamous cell

car cinoma. Cancer Genet Cytogenet 2000;118(2):112-20.

Abstract: The establishment of an esophageal cancer cell line can facilitate the search for molecular
mechanisms involved in esophageal carcinogenesis. A new human cancer cell line, HKESC-1, was
established from a primary moderately-differentiated squamous cell carcinoma of the esophagus from a
47-year-old Hong Kong Chinese man. The pathological characteristics (morphology,
immunohistochemical, and electron microscopic studies), the tumorigenecity in nude mice, the
cytogenetic features, the DNA ploidy, and telomerase activity of the cell line were investigated. The
HKESC-1 cells have been maintained continuously in vitro for more than 16 months and passaged over
96 times. HKESC-1 cells grow as a monolayer, with a doubling time of 46 hours. The HKESC-1 cells
are of a squamous epithelial origin, as shown by their immunopositivity with the anti-cytokeratin
antibodies and ultrastructural demonstration of tonofilaments and desmosomes. The HKESC-1 cells
possess characteristics of malignancy because they are highly tumorigenic in nude mice and have strong
telomerase activity. The HKESC-1 cells had an aneuploid DNA content, as demonstrated by flow
cytometric analysis. Cytogenetic analysis revealed hyperdiploidy of greater than 50 in 80% of
analyzable metaphases. Chromosome gains and |osses were common, and loss of the Y chromosome
was a consistent numerical aberration. Additionally, many structural chromosomal abnormalities were
encountered, with frequent breakpoints at 1p32, 7p22, 7934, and 20g13. This newly established cell line
serves as a useful model for studying the molecular pathogenesis, and testing new therapeutic reagents
for esophageal squamous cell carcinoma.

Johnson DG. The paradox of E2F1: oncogene and tumor suppressor gene. Mol Carcinog 2000;27
(3):151-7.

Abstract: Cancer cells often contain mutations that lead to the loss of retinoblastoma tumor suppressor
(Rb) function and the activation of E2F-dependent transcription. As aresult, proliferation is deregulated,
and sengitivity to apoptotic stimuli isincreased. In cell culture studies, the transcription factor E2F1 has
been shown to be equally adept at inducing proliferation and apoptosis. Several groups using mouse
models have been examining how these E2F1-regulated processes impact the development of cancer.
The conclusion from these studiesis that E2F1 can function as both oncogene and tumor suppressor
gene and that both positive and negative effects on tumorigenesis can be observed whether E2F1 is
absent or overexpressed. These findings are discussed in the context of amodel in which pathways
controlling cell-cycle progression and apoptosis are intimately linked.

Jones B, Dale RG. Radiobiological modeling and clinical trials. Int JRadiat Oncol Biol Phys 2000;48
(1):259-65.

Abstract: PURPOSE: Standard clinical trial designs can lead to restrictive conclusions:. the "best
recommended treatments”’ based on trial results, athough generally applicable to patient populations, do
not necessayly apply to individual patients. In theory, radiobiological modeling, coupled with reliable



predictive assays, can be used to rationalize the selection of patients for parcticular schedulesin trials.
MATERIALS AND METHODS: Linear-quadratic modeling of radiotherapy can be used to simulate a
clinical trial. Thisis achieved by random sampling techniques where the key radiobiological parameters
(apha, beta, T(pot) and clonogen number) are selected from known or expected ranges. Clinical trial
design in radiotherapy may be improved by formal radiobiological assessment designed to estimate the
likely changes in tumor cure probability (TCP) and the likely normal tissue biologically effective dose
(BED). Modeling may also be used to rationalize the alocation of patientsto atest or standard schedule
or for individual optimization of atreatment schedule. Such approaches depend on there being reliable
predictive assays of the radiobiological parametersinindividua patients. The influence of variations in
predictive assay accuracy on the improved outcomes are assessed. RESULTS: Clinical trials, which
have been preceded by modeling ssmulation, offer potentially substantial improvements in the results of
cancer treatment by radiotherapy. These exceed the usual gains found in standard clinical trials.
CONCLUSION: Future preclinical trial design should include modeling assessments that indicate how
best to structure the trial.

Jonsson E, Friberg LE, Karlsson MO, Hassan SB, Freijs A, Hansen K, Larsson R. Deter mination of
drug effect on tumour cells, host animal toxicity and drug phar macokineticsin a hollow-fibre
model in rats. Cancer Chemother Pharmacol 2000;46(6):493-500.

Abstract: PURPOSE: Based on the previoudly published hollow-fibre assay mainly used for early in
Vivo anticancer drug screening, we wanted to devel op an extended hollow-fibre model in which
antitumour activity, haematological toxicity and pharmacokinetics could be studied in the same animal.
METHOD: The breast cancer cell lines MDA-MB-231 and MCF-7 were cultured in semipermeable
hollow fibres. The fibres were implanted subcutaneously into immunocompetent male Sprague Dawley
rats, and the rats were treated with 5-fluorouracil (5-FU, 125 mg/kg), epirubicin (EPI, 10 mg/kg) or
cyclophosphamide (CP, 120 mg/kg) intraperitoneally, the new cyanoguanidine CHS 828 (375 mg/kg or
75 mg/kg x 5) orally, or vehicle only. After 6 days the fibres were retrieved and the cell density was
evaluated. Haematological parameters were monitored and two to four samples per animal were drawn
to determine the pharmacokinetic parametersin NONMEM. RESULTS: Drug treatment had generally
low effects on the tumour cells. Of the standard drugs (5-FU, EPI and CP), only CP exerted a
statistically significant antiproliferative effect. CHS 828 had only a minor effect as a single dose, but
divided into five daily doses had a pronounced effect on both cell lines. 5-FU, EPI and CP all caused a
marked decrease in leucocytes, platelets and haemoglobin, while CHS 828 did not seem to affect these
parameters. The pharmacokinetics of 5-FU and EPI were in accordance with previously established
pharmacokinetic models. The pharmacokinetics of CP and CHS 828 were both described by one-
compartment models. CONCLUSIONS: This study illustrates the possibility of measuring antitumour
effect, haematological toxicity and pharmacokinetics in the same animal using the hollow-fibre model.

Kalay E, Pietschmann P, Toyokuni S, Bajna E, Hahn P, Mazzucco K, Bieglmayer C, Kato S, Cross HS.
Characterization of a vitamin D receptor knockout mouse as a model of color ectal

hyper proliferation and DNA damage. Carcinogenesis 2001;22(9):1429-35.

Abstract: The vitamin D receptor knockout (VDR-KO) mouse presents with a skeletal phenotype typical
for complete lack of genomic 1,25-dihydroxycholecalciferol effects. Our previous data from human
colorectal tissue suggest that the steroid hormone and its receptor may have protective function against



tumour progression. In order to investigate the relevance of the vitamin D system for pre-malignant site-
directed changes in the colon, we characterized the amount and site-specific distribution of the VDR
along the large intestine in wild-type (WT), heterozygote (HT) and KO mice. We a so evaluated
expression of proliferating cell nuclear antigen (PCNA), of cyclin D1 and the levels of 8-hydroxy-2'-
deoxyguanosine (8-OHdG), a marker of oxidative stress. In colon ascendens, proliferative cells were
dispersed all aong the crypt and expression levels of all three markers were high in WT mice. A
decrease of VDR expression did not affect expression significantly. In colon descendens, however,
fewer proliferative cells were solely located in the lower third of the crypt, and an inverse relationship
between VDR reduction, PCNA positivity and cyclin D1 expression was found in HT and KO mice. In
parallel to enhanced proliferation a highly significant increase of 8-OHdG positivity occurred.
Therefore, the sigmoid colon of VDR-KO mice, fed on an appropriate lactose/cal cium-enriched diet to
aleviate impaired calcium homeostasis-related phenotypic changes, is an excellent model for
investigating induction and prevention of pre-malignant changes in one of the hotspots for human
colorectal cancer incidence.

Kashiwagi H, Uchida K. Genome-wide profiling of gene amplification and deletion in cancer. Hum
Cell 2000;13(3):135-41.

Abstract: Accumulations of genetic changes in somatic cells induce phenotypic transformations leading
to cancer. Among these genetic changes, gene amplification and deletion are most frequently observed
in several kinds of cancers. Amplification of oncogene and/or deletion of tumor suppressor gene,
together with dysfunction of the gene by point mutation, are the main causes of cancer. Genome-wide
analysis of amplification and deletion of genesin cancersis basic to resolving the mechanisms of
carcinogenesis. Comparative genomic hybridization (CGH) developed in 1992 has been utilized to
identify DNA copy number abnormalitiesin various kind of cancers and several reports have shown its
usefulness in screening of the genesinvolved in carcinogenesis, and also in the identification of
prognostic factors in cancer. We have shown that 1923 gain is associated with neuroblastomas that are
resistant to aggressive treatment, and have poor prognosis, and 1g and 13q gains are possibly related to
drug resistance in ovarian cancers. Recently, the "rough draft" of the human genome was reported and
we are ready to utilize the vast information on genomic sequences in cancer research. Moreover,
microarray technology enables us to analyze more than ten thousand genes at atime and revealed
genetic abnormalitiesin cancers at a genome-wide level. By combination of microarray and CGH, a
powerful screening method for oncogenes and tumor suppressor genes in cancers, called array-CGH, has
been developed by several groups. In this Article, we overview these genome-wide analytical methods,
CGH and array-CGH, and discuss their potential in molecular characterization of cancers.

Katz AJ, Chiu A, Beaubier J, Shi X. Combining Drosophila melanogaster somatic-mutation-
recombination and electr on-spin-resonance-spectr oscopy data to inter pret epidemiologic
observations on chromium car cinogenicity. Mol Cell Biochem 2001;222(1-2):61-8.

Abstract: Lung cancers are significantly increased among workers exposed to chromate (Cr6+, Cr3+),
chromium pigments (Cr6+) and chromium plating (Cr6+). Chromium lung burdens and cancer risk
increase proportionately with duration of employment at long latencies. However, this epidemiologic
information alone is insufficient in determining whether Cr6+ or Cr3+ are equally important in causing
cancer. We have attempted to combine epidemiol ogic data with data from the Drosophila melanogaster



somati c-mutation-recombination-test and from the in vitro el ectron-spin-resonance spectroscopy study
to demonstrate that following somatic recombination plays a more important role than somatic mutation
in chromium carcinogenesis. Cr4+ is more important than Cr5+ or Cr6+ in inducing somatic
recombination while Cr6+ produces more and bigger clones than Cr4+ in somatic mutation. Cr3+
produces negative results in this fruit-fly wing-spot-assay. When the larvae and flies exposed to Cr6+
and Cr4+ are examined by ESR, only Cr5+ and Cr3+ are found. Thermodynamic parameters deltak,
deltaH, and deltaS are also estimated from these latter experiments to explain the relative importance of
Cr6+, Cr4+, Cr3+ in chromium carcinogenesis among exposed industrial workers.

Keloff GJ, Sigman CC, Johnson KM, Boone CW, Greenwald P, Crowell JA, Hawk ET, Doody LA.

Per spectives on surrogate end pointsin the development of drugsthat reducetherisk of cancer.
Cancer Epidemiol Biomarkers Prev 2000;9(2):127-37.

Abstract: This paper proposes a scientific basis and possible strategy for applying surrogate end pointsin
chemopreventive drug development. The potential surrogate end points for cancer incidence described
are both phenotypic (at the tissue, cellular, and molecular levels) and genotypic biomarkers. To establish
chemopreventive efficacy in randomized, placebo-controlled clinical trials, it is expected that in most
casesit will be critical to ensure that virtually all of the biomarker lesions are prevented or that the
lesions prevented are those with the potential to progress. Thiswould require that both the phenotype
and genotype of the target tissue in agent-treated subjects, especially in any new or remaining
precancers, are equivalent to or show less progression than those of placebo-treated subjects. In the
National Cancer Institute chemoprevention program, histological modulation of a precancer
(intragpithelial neoplasia) has thus far been the primary phenotypic surrogate end point in
chemoprevention trials. Additionally, we give high priority to biomarkers measuring specific and
genera genotypic changes correlating to the carcinogenesis progression model for the targeted cancer (e.
g., progressive genomic instability as measured by loss of heterozygosity or amplification at a specific
microsatellite loci). Other potential surrogate end points that may occur earlier in carcinogenesis are
being analyzed in these precancers and in nearby normal appearing tissues. These biomarkersinclude
proliferation and differentiation indices, specific gene and general chromosome damage, cell growth
regulatory molecules, and biochemical activities (e.g., enzyme inhibition). Serum biomarkers also may
be monitored (e.g., prostate-specific antigen) because of their accessibility. Potentially chemopreventive
drug effects of the test agent also may be measured (e.g., tissue and serum estrogen levelsin studies of
steroid aromatase inhibitors). These initial studies are expected to expand the list of validated surrogate
end points for future use. Continued discussion and research among the National Cancer Institute, the
Food and Drug Administration, industry, and academia are needed to ensure that surrogate end point-
based chemoprevention indications are feasible.

Khan SG, Metter EJ, Tarone RE, Bohr VA, Grossman L, Hedayati M, Bale SJ, Emmert S, Kraemer KH.
A new xer oder ma pigmentosum group C poly(AT) insertion/deletion polymor phism.
Carcinogenesis 2000;21(10):1821-5.

Abstract: We found a common biallelic polymorphism (PAT) in the xeroderma pigmentosum
complementation group C (XPC) DNA repair gene consisting of an insertion of 83 basesof A and T
[poly(AT)] and a5 base deletion within intron 9. We devel oped a PCR assay to resolve the XPC PAT+
and PAT- al]eles and found that the PAT+ allele frequency was 0.44 in 156 cancer-free donors from the



Johns Hopkins School of Public Health, 0.41 in 263 cancer-free donors from the Baltimore Longitudinal
Study of Aging and 0.36 in samples from 216 unselected donors from NIH. We also found asingle
nucleotide polymorphism in exon 15 of the XPC gene (A2920C, Lys939-->GIn) that creates a new
enzyme restriction site. This XPC exon 15 single nucleotide polymorphism occurred at a frequency of
0.38in 98 NIH donors and isin linkage disequilibrium with the PAT locus. We developed an dlele-
specific complementation assay utilizing post-UV host cell reactivation to assess DNA repair capacity of
polymorphic alleles. We found similar DNA repair with XPC 2920A and XPC 2920C. These common
polymorphismsin the XPC DNA repair gene may be useful for molecular epidemiological studies of
cancer susceptibility.

King RD, Srinivasan A, Dehaspe L. Warmr: a data mining tool for chemical data. J Comput Aided
Mol Des 2001;15(2):173-81.

Abstract: Data mining technigues are becoming increasingly important in chemistry as databases
become too large to examine manually. Data mining methods from the field of Inductive Logic
Programming (ILP) have potential advantages for structural chemical data. In this paper we present
Warmr, the first ILP data mining algorithm to be applied to chemoinformatic data. We illustrate the
value of Warmr by applying it to awell studied database of chemical compounds tested for
carcinogenicity in rodents. Data mining was used to find all frequent substructures in the database, and
knowledge of these frequent substructures is shown to add value to the database. One use of the frequent
substructures was to convert them into probabilistic prediction rules relating compound description to
carcinogenesis. These rules were found to be accurate on test data, and to give some insight into the
relationship between structure and activity in carcinogenesis. The substructures were also used to prove
that there existed no accurate rule, based purely on atom-bond substructure with less than seven
conditions, that could predict carcinogenicity. This results put alower bound on the complexity of the
relationship between chemical structure and carcinogenicity. Only by using a data mining algorithm, and
by doing a complete search, isit possible to prove such aresult. Finaly the frequent substructures were
shown to add value by increasing the accuracy of statistical and machine learning programs that were
trained to predict chemical carcinogenicity. We conclude that Warmr, and |L P data mining methods
generdly, are an important new tool for analysing chemical databases.

Kodell RL, Lin KK, Thorn BT, Chen JJ. Bioassays of shortened duration for drugs. statistical
implications. Toxicol Sci 2000;55(2):415-32.

Abstract: Declining survival ratesin rodent carcinogenesis bioassays have raised a concern that
continuing the practice of terminating such studies at 24 months could result in too few live animals at
termination for adequate pathological evaluation. One option for ensuring sufficient numbers of animals
at the terminal sacrifice is to shorten the duration of the bioassay, but this approach is accompanied by a
reduction in statistical power for detecting carcinogenic potential. The present study was conducted to
evaluate the loss of power associated with early termination. Data from drug studiesin rats were used to
formulate biologically based dose-response models of carcinogenesis using the 2-stage clonal expansion
model as a context. These dose-response models, which were chosen to represent 6 variations of the
Initiation-promotion-completion cancer model, were employed to generate a large number of
representative bioassay data sets using Monte Carlo simulation techniques. For avariety of tumor dose-
response trgnds, tumor lethality, and competing risk-survival rates, the power of age-adjusted statistical



tests to assess the significance of carcinogenic potential was evaluated at 18 and 21 months, and
compared to the power at the normal 24-month stopping time. The results showed that stopping at 18
months would reduce power to an unacceptable level for all 6 submodels of the 2-stage clonal expansion
model, with the pure-promoter and pure-completer models being most adversely affected. For the 21-
month stopping time, the results showed that, unless pure promotion can be ruled out apriori asa
potential carcinogenic mode of action, the loss of power istoo great to warrant early stopping.

Kowalczyk DW, Wlazlo AP, Blaszczyk-Thurin M, Xiang ZQ, Giles-Davis W, Ertl HC. A method that
allows easy characterization of tumor-infiltrating lymphocytes. J Immunol Methods 2001;253(1-
2):163-75.

Abstract: A method was developed to compare the lymphocytic infiltrates in regressing vs. progressing
experimental mouse tumors using amodel for human papillomavirus-16 (HPV-16) oncoprotein-linked
cancer. Tumor cells mixed with matrigel, composed of natural matrix substances that provide a
basement membrane structure for adherent cells, were inoculated into mice vaccinated with an
efficacious vaccine to the E7 oncoprotein or a vaccine to a control antigen. The tumor cells remained
within the solidified gel and recruited a cellular infiltrate that could readily be analyzed upon removal of
the gelatinous mass containing progressing or regressing tumors. The results show that tumors recruit
activated CD8(+) T cellsregardless of their antigen specificity. In regressing tumors expressing an
appropriate target antigen for the vaccine-induced CD8(+) T cells, a strong increase of the tumor antigen-
specific T cell population was observed over time. Progressing tumors that lacked the target antigen for
the activated CD8(+) T cell population did not show this selective enrichment.

Kowalski LA, Assi KP, Wee RK, Madden Z. In vitro prediction of carcinogenicity using a bovine
papillomavirus DNA--carrying C3H/10T 1/2 cell line (T1). I1: Resultsfrom thetesting of 100
chemicals. Environ Mol Mutagen 2001;37(3):231-40.

Abstract: A new in vitro test for identifying carcinogensis evaluated against a testing database of 100
chemicals including the following groups: steroids, antineoplastics, PCBs, dioxins, alkyl halides,
aromatic amines, nitrogen heterocycles, polyaromatic hydrocarbons, mustards, and benzodioxoles. The
assay uses focus formation in astable, BPV-1-DNA-carrying C3H/10T 1/2 mouse embryo fibroblast cell
line (T1), which does not require transfection, infection with virus, or isolation of primary cells from
animals. For this group of chemicals, the T1 assay correctly predicted the rodent carcinogenicity or
noncarcinogenicity of 77% of the chemicals for which carcinogenicity is reported. Based on published
data the bacterial mutagenicity assay would have correctly predicted carcinogenicity or
noncarcinogenicity of 53% of the chemicals. The Syrian hamster embryo test would have correctly
predicted carcinogenicity or noncarcinogenicity of 61% of the chemicals. We also demonstrate dose--
response relationships for two of the chemicals. We report the responses of T1 cells to the group of
chemicals used in the International Life Sciences Institute's program for screening of aternative methods
of predicting carcinogenicity. Copyright 2001 Wiley-Liss, Inc.

Kozusko F, Chen P, Grant SG, Day BW, Panetta JC. A mathematical model of in vitro cancer cell
growth and treatment with the antimitotic agent curacin A. Math Biosci 2001;170(1):1-16.
Abstract: A mathematical model of cancer cell growth and response to treatment with the experimental
antimitotic ggent curacin A is presented. Rate parameters for the untreated growth of MCF-7/LY 2 breast



cancer and A2780 ovarian cell lines are determined from in vitro growth studies. Subsequent growth
studies following treatments with 2.5, 25 and 50 nanomolar (nM), concentrations of curacin A are used
to determine effects on the cell cycle and cell viability. The model's system of ordinary differential
equations yields an approximate analytical solution which predicts the minimum concentration
necessary to prevent growth. The model shows that cell growth is arrested when the apoptotic rateis
greater than the mitotic rate and that the S-phase transition rate acts to amplify this effect. Analysis of
the data suggests that curacin A is rapidly absorbed into both cell lines causing an increasein the S-
phase transition and a decrease in the M-phase transition. The model also indicates that the rate of
apoptosis remains virtually constant for MCF-7/LY 2 while that of A2780 increases 38% at 2.5 nM and
59% at 50 nM as compared to the untreated apoptotic rate.

Krupp G, Klapper W, Parwaresch R. Cell proliferation, carcinogenesis and diver se mechanisms of
telomerase regulation. Cell Mol Life Sci 2000;57(3):464-86.

Abstract: Replication of linear genomes is incomplete and leaves terminal gaps. Solutions to this 'end
replication’ problem can be traced back to the prebiotic RNA world: 'fossils of the presumptive
archetypes of telomere structure and of the telomerase enzyme are retained in the terminal structures of
some RNA viruses. Telomerase expression in mammals is ubiquitous in embryonic tissues but
downregulated in somatic tissues of adults. Exceptions are regenerative tissues and, notably, tumor cells.
Telomerase activation is controlled by cellular proliferation, and it is an early step in the development of
many tumors. In contrast to mammals, indeterminately growing multicellular organisms, such as fish
and crustaceae, maintain telomerase competence in all somatic tissues. In human tumor diagnostics,
detection of proliferation markers with monoclonal antibodiesis well established, and in thisreview, the
significance of additional telomerase assays is evaluated. Telomerase inhibitors are attractive goals for
application in tumor therapy, and telomerase knockout mice have proven that telomere erosion limits the
lifespan of cellsin vivo. In contrast, telomerase stimulation can be used to expand the potential of
cellular proliferation in vitro, with possible applications for transplantation of in vitro expanded human
cells, for immortalizing primary human cells as improved tissue models and for the isolation of
otherwise intractable products, such as genuine human monoclonal antibodies.

Kunzi-Rapp K, Genze F, Kufer R, Reich E, Hautmann RE, Gschwend JE. Chorioallantoic membrane
assay: vascularized 3-dimensional cell culture system for human prostate cancer cellsasan animal
substitute model. J Urol 2001;166(4):1502-7.

Abstract: PURPOSE: Chorioallantoic membranes have been used as areliable biomedical assay system
for many years. Chicken eggsin the early phase of breeding are between in vitro and in vivo systems but
may provide an immunodeficient, vascularized test environment. We tested this model asan in vivo
system for prostate cancer research. MATERIALS AND METHODS: Single cell suspensions of
LNCaP, PC-3 and Tsu-Prl human prostatic cancer cell lines as well as 2 immortalized normal human
prostate epithelial cell lines were inoculated on the chorioallantoic membrane of fertilized chicken eggs
on day 5 or 6 of breeding. Tumor growth and viability of the embryo was evaluated by stereo
microscopy. At day 10 the membranes were removed and embedded in paraffin. Cell morphology was
assessed after hematoxylin and eosin staining. Cellular expression of cytokeratin, prostate specific
antigen and androgen receptor as well as apoptosi s induction was confirmed by immunohistochemistry.
RESULTS, Three days after tumor cell inoculation on the extraembryonic vascular system of the



chorioallantoic membrane cell growth and formation of 3-dimensional tumors became apparent in 100%
of inoculated membranes. Strong neo-angiogenesis was detected next to the established tumors and
tumor cells invading the stroma of the chorioallantoic membrane. Cytokeratin expression as well as
prostate specific antigen and androgen receptor in LNCaP cells confirmed the human prostate tumor
origin. Assessment of quantitative in vivo apoptosis induction in LNCaP cells after intravenous injection
of the phorbol ester 12-O-tetradecanoylphorbol-13-acetate confirmed the model as aversatile in vivo
system. CONCLUSIONS: The well vascularized chorioallantoic membrane of bred chicken eggsisa
suitable system for early in vivo cancer research. Reliable growth of prostate cancer cell linesisfeasible
and allows the evaluation of proliferation and apoptosis induction after intravascular or topic application
of anticancer drugs. Exploitation of this assay enables a substantial reduction in or substitution for
subsequent animal experiments.

Kwack SJ, Lee BM. Correlation between DNA or protein adducts and benzo[a]pyrene diol epoxide
|-triglyceride adduct detected in vitro and in vivo. Carcinogenesis 2000;21(4):629-32.

Abstract: In this study, we demonstrated the in vitro and in vivo formation of carcinogen-lipid adduct
and its correlation with DNA or protein adducts. The lipids from serum or hepatocyte membranes of
Sprague-Dawley rats, human serum and standard major lipids were in vitro reacted with benzo[a] pyrene
(B[@]P) and B[a]P metabolites. 7, 8-Dihydroxy-9,10-epoxy-7,8,9,10-tetrahydrobenzo| a] pyrene(BPDE-
1), an ultimate carcinogenic form of B[a]P, was covalently bound to triglyceride (TG). BPDE-I-TG
adductsisolated by thin-layer chromatography (TLC) were further detected by high-performance liquid
chromatography. TGs, including triolein, tripalmitin and tristearin, showed positive reactions with
BPDE-I. However, cholesterol, phospholipids (phosphatidylcholine, phosphatidyl-ethanolamine,
phosphatidyl-inositol and sphingomyelin) and non-esterified fatty acids (palmitic acid, oleic acid,
linoleic acid and stearic acid) did not react with BPDE-I. In addition, other B[a] P metabolites (B[a]P-
phenols and -diols) did not react with TG. TG appeared to be the most reactive lipid yet studied with
respect to its ability to form an adduct with BPDE-I. There was a clear-cut dose-related formation of
[1,3-(3)H]BPDE-I-lipid adductsin vitro between TG and [1,3-(3)H]BPDE-I. In an animal study, BPDE-
I-TG was also formed in the serum of rats orally treated with B[a]P (25 mg/rat). Also, obvious
correlations between [(3)H]B[a] P rel ated-biomol ecule adducts (DNA or protein) or lipid damage and the
BPDE-I-TG adducts were obtained in various tissues of micei.p. treated with [(3)H]B[a]P. These data
suggest that TG can form an adduct with BPDE-I, as do other macromolecules (DNA, RNA and
protein). Therefore, a carcinogen-lipid adduct would be a useful biomarker for chemical carcinogenesis
research and cancer risk assessment.

Laconi S, Pani P, Pillai S, Pasciu D, Sarma DS, Laconi E. A growth-constrained environment drives
tumor progression invivo. Proc Natl Acad Sci U S A 2001;98(14):7806-11.

Abstract: We recently have shown that selective growth of transplanted normal hepatocytes can be
achieved in a setting of cell cycle block of endogenous parenchymal cells. Thus, massive proliferation of
donor-derived normal hepatocytes was observed in the liver of rats previoudly given retrorsine (RS), a
naturally occurring alkaloid that blocks proliferation of resident liver cells. In the present study, the fate
of nodular hepatocytes transplanted into RS-treated or normal syngeneic recipients was followed. The
dipeptidyl peptidase type IV-deficient (DPPIV(-)) rat model for hepatocyte transplantation was used to
distinguish donor-derived cells from recipient cells. Hepatocyte nodules were chemically induced in



Fischer 344, DPPIV (+) rats; livers were then perfused and larger (>5 mm) nodules were separated from
surrounding tissue. Cellsisolated from either tissue were then injected into normal or RS-treated DPPIV
(-) recipients. One month after transplantation, grossly visible nodules (2--3 mm) were seen in RS-
treated recipients transplanted with nodular cells. They grew rapidly, occupying 80--90% of the host
liver at 2 months, and progressed to hepatocellular carcinoma within 4 months. By contrast, no liver
nodul es devel oped within 6 months when nodular hepatocytes were injected into the liver of recipients
not exposed to RS, although small clusters of donor-derived cells were present in these animals. Taken
together, these results directly point to a fundamental role played by the host environment in modulating
the growth and the progression rate of altered cells during carcinogenesis. In parcticular, they indicate
that conditions associated with growth constraint of the host tissue can drive tumor progression in vivo.

Lanari C, Luthy I, Lamb CA, FabrisV, Pagano E, Helguero LA, Sanjuan N, Merani S, Molinolo AA.
Five novel hormone-responsive cell linesderived from murine mammary ductal carcinomas: in
vivo and in vitro effects of estrogens and progestins. Cancer Res 2001;61(1):293-302.

Abstract: We have developed an experimental model of mammary carcinogenesis in which the
administration of medroxyprogesterone acetate (MPA) to female BALB/c mice induces progestin-
dependent ductal metastatic mammary tumors with high levels of estrogen receptor (ER) and
progesterone receptor (PR). Through selective transplants in untreated mice, we have obtained progestin-
independent variants, still expressing high levels of ER and PR. Primary cultures of the MPA-induced
carcinomas C4-HD and C7-HI were set up, and after 3-4 months, several different cell lineswere
obtained. Four of these, MC4-L1, MC4-L2, MCA4-L 3, and MC4-L5 were established from C4-HD and a
fifth, MC7-L1, from C7-HI. All cellswere of epithelial origin, as demonstrated by electron microscopy
and by immunocytochemical identification of cytokeratin and cadherin. In vitro MC4-L1, MC4-L 3, and
MC4-L5 showed atypical epithelial morphology; when transplanted in vivo, they originated metastatic
carcinomas with different degrees of differentiation. MC4-L2 and MC7-L 1 deviated from the standard
epithelial picture; they disclosed a spindle-shaped morphology in vitro and in vivo gaveriseto a
biphasic spindle cell/tubular carcinoma and an anaplastic carcinoma, respectively; both lines gave rise to
metastases. This differential morphology correlated with a higher degree of aggressiveness, as compared
with MC4-L1, MC4-L 3, and MC4-L5. ERs and PRs were detected by binding, immunocytochemistry,
and Western blot. In vitro, MC4-L 2 and MC7-L 1 were stimulated by MPA (nM to microM) and 17beta-
estradiol (nNM and 10 nM); no significant stimulation was observed in MC4-L1, MC4-L 3, and MC4-L5
under the same experimental conditions. In vivo, MPA significantly stimulated tumor growth in all
epithelioid lines but not in MC4-L2 and MC7-L 1. A progestin-dependent growth pattern was confirmed
for MC4-L1, MC4-L3, and MC4-L5 in successive transplants, whereas MC4-L2 and MC7-L 1 behaved
as progestin independent. Thisisthe first description of mouse mammary carcinoma cell lines
expressing ER and PR. The different in vitro hormone responses as compared with in vivo and the
differential effects of 17beta-estradiol in the parental tumors and in cell lines render these lines useful
tools for thein vitro and in vivo study of hormone regulation of tumor growth and metastases.

LangaF, Kress C, Colucci-Guyon E, Khun H, Vandormael-Pournin S, Huerre M, Babinet C.
Teratocar cinomas induced by embryonic stem (ES) cells lacking vimentin: an approach to study
therole of vimentin in tumorigenesis. J Cell Sci 2000;113 Pt 19:3463-72.

Abstract: Vimentinisaclass 111 intermediate filament protein widely expressed in the developing



embryo and in cells of mesenchymal origin in the adult. Vimentin knock-out mice develop and
reproduce without any obvious defect. Thisis an unexpected finding in view of the high degree of
conservation of the vimentin gene among vertebrates. However, it does not exclude the possibility of a
role for vimentin in pathological conditions, like tumorigenesis. To address this question directly, we
have used a teratocarcinoma model involving the injection of ES cellsinto syngeneic mice. ES cells
lacking vimentin were generated from 129/Sv Vim-/- mice with high efficiency. The absence of
vimentin did not affect ES cell morphology, viability or growth rate in vitro. Tumours were induced by
subcutaneous injection of either Vim-/- or Vim+/+ ES cellsinto Vim+/+ and Vim-/- mice, in order to
analyse the effect of the absence of vimentin in either the tumorigenic cells or the host mice. No
significant differences were found in either tumour incidence, size or vascularization of
teratocarcinomas obtained with all possible combinations. Vim-/- ES-derived tumours showed the same
cellular composition typical of teratocarcinomas induced by wild-type ES cells together with avery
similar apoptotic pattern. Taken together, these results demonstrate that in this model vimentin is not
essential for efficient tumour growth and differentiation in vivo.

Law JM. M echanistic considerationsin small fish carcinogenicity testing. ILAR J2001;42(4):274-84.
Abstract: Historically, small fish species have proven useful both as environmental sentinels and as
versatile test animals in toxicity and carcinogenicity bioassays. They can be bred in large numbers, have
low maintenance and bioassay costs, and have alow background incidence of tumors. However, more
mechanistic information is needed to help validate the information garnered from these models and to
keep pace with other more fully developed animal models. This paper focuses on mechanistic
considerations when using small fish models for carcinogenicity testing. Several small aguarium fish
species have proven useful. The Japanese medaka is perhaps the best characterized small fish model for
carcinogenicity testing; however, the zebrafish is emerging as an important model because it iswell
characterized genetically. Both route and methodology of exposure may affect the outcome of the study.
Most studies have been conducted by introducing the test compound into the ambient water, but dietary
exposures and embryo microinjection have also been used. Other considerations in study design include
use of an initiating carcinogen, such as diethlynitrosamine, and differences in xenobiotic metabolism,
such as the fact that fish CYP2B is refractory to phenobarbital induction. The small size of these models
has perhaps limited some types of mechanistic studies, such as formation and repair of DNA adductsin
response to carcinogen exposure. However, improved analytical methods are allowing greater resolution
and should be applied to small fish species. Slide-based methods such as immunohistochemistry are an
important adjunct to routine histopathology and should be included in study design. However, thereisa
need for development of more species-specific antibodies for fish research. Thereis also aneed for more
fish-specific data on cytokines, serum biochemistry, and oncogenes to strengthen the use of these
important test models.

Lin SC, Chang KW, Chang CS, Yu SY, Chao SY, Wong YK. Establishment and char acterization of
acell line (HCDB-1) derived from a hamster buccal pouch carcinomainduced by DMBA and
Taiwanese betel quid extract. Proc Natl Sci Counc Repub China B 2000;24(3):129-35.

Abstract: This study identified that the carcinogenesis of hamster buccal pouch (HBP) induced by 7,12-
dimethylbenz[ alanthracene (DM BA) was greatly enhanced (18 folds) by a combination treatment with
Taiwanese hetel quid (BQ) extract. A new cell line, HCDB-1, has been established from induced



carcinomas. The cultured monolayer cells were epithelioid in shape with irregular nuclei. They
demonstrated abundant cytokeratin and tonofilaments, however, ultrastructural well-organized
desmosomes were lacking. The HCDB-1 cell exhibited population doubling in 19 h and was highly
tumorigenic in nude mice. A C-->T transition at codon 141 (Alato Val) of the p53 gene was detected in
this cell. Thismutation is equivalent to a specific temperature-sensitive mouse p5S3Alal35Va mutant
that causes transformation by shifting to 37.5 degrees C. HCDB-1 isthefirst cell line established from
the HBP model of oral carcinogenesisinduced by DMBA/Tawanese BQ extract. It might be valuable
for exploring the molecular pathogenesis of oral cancer.

Makinen K, Loimas S, Nuutinen P, Eskelinen M, Alhava E. The growth pattern and
microvasculatur e of pancreatic tumoursinduced with cultured carcinoma cells. Br J Cancer
2000;82(4):900-4.

Abstract: Pancreatic cancer is one of the most frustrating problemsin gastroenterological surgery, since
thereislittle we can do to improve the survival of patients with current treatment strategies. If oneisto
elucidate factors related to carcinogenesis, tumour biology, diagnostics and new treatment modalities of
this malignant disease, then it is essential to develop a suitable animal model. In the present study we
investigated rat pancreatic tumour growth after intrapancreatic injection of cultured pancreatic
carcinomacells (DSL-6A/CL1), originally derived from an azaserine-induced tumour, as well asthe
features of tumour microcirculation using the microangiography technique. After intrapancreatic
inoculation, tumours were detected in 64% of animals. A 1 cm3 tumour volume was reached within 20
weeks after inoculation. The tumours were ductal adenocarcinomas. Larger tumours showed invasive
growth and spreading into the surrounding tissues, mainly into spleen and peritoneum.
Microangiography revealed that the pancreatic tumours had an irregular and scanty vessel network and
there were avascular areas in the center of the tumour. The area between normal pancreas and the
induced tumour had dense vascularization. Intrapancreatic tumour induction with cultured pancreatic
carcinoma cells produced a solid and uniformly growing tumour in Lewisrats and it thus provides a
possible model for pancreatic cancer studies.

Manickan E, Satoi J, Wang TC, Liang TJ. Conditional liver-specific expression of simian virus40 T
antigen leadsto regulatable development of hepatic neoplasm in transgenic mice. JBiol Chem
2001;276(17):13989-94.

Abstract: Adaptive epigenetic changes and toxicity often accompany constitutive expression of a
transgene or knockout of an endogenous gene in mice. These considerations potentially limit the
usefulness of transgenic technology in studying the in vivo functions of a gene. Using conditional gene
expression technology, it is possible to override such restrictions to achieve temporal and tissue-specific
manipulation of gene expression in vivo. Based on the tetracycline regulatory system, we established a
binary transgenic model in which the conditional expression of two transgenes, SV40 T antigen (TAQ)
and lacZ, can be tightly regulated in the liver by administration of tetracycline. The mouse albumin or
mouse major urinary protein promoter was used to achieve liver-specific expression of the tetracycline-
responsive transcriptional activator (tTA) in one set of transgenic mice. These mice were crossed with
transgenic mice carrying either TAg or lacZ under the control of the tTA-regulated promoter. Analyses
of mice transgenic for both tTA and TAg (or lacZ) revealed that the liver-specific expression of the
transgenes gould be suppressed to undetectable |levels and regulated in areversible fashion by



tetracycline administration and withdrawal. Mice with tTA and TAg transgenes devel oped
hepatocellular adenomas and hyperplasiathat could be prevented by continuous tetracycline
administration. Our report demonstrates the value of this binary transgenic model in studying the
physiological functions of any potential genes of interest in aliver-specific manner.

Maronpot RR. The use of genetically modified animalsin car cinogenicity bioassays. Toxicol Pathol
2000;28(3):450-3.

Matsuo A, Watanabe A, Takahashi T, Futamura M, Mori S, SugiyamaY, Takahashi Y, Sgji S. A ssimple
method for classification of cell death by use of thin layer collagen gel for the detection of
apoptosis and/or necrosis after cancer chemotherapy. Jpn J Cancer Res 2001;92(7):813-9.

Abstract: To assess the efficacy of cancer chemotherapy, an important index is apoptosis of the target
cells, which can usually be confirmed by electron microscopy (EM). We established a new experimental
technique, whereby cancer cells (MKN45) were distributed in thin collagen gel as one or two cell layers,
and cultured with anti-cancer drugs (5-FU and CDDP). The cells were stained with fluorescent Hoechst
33258 (Ho) and photographed, then with hematoxylin and eosin (H& E) and again photographed, and
processed for EM. This approach allowed us to characterize the patterns of death of single cellsin detail.
There were six patterns of cell damage: two patterns of apoptosis, early peripheral condensation of
chromatin and late apoptotic bodies, two patterns of necrosis, cytoplasmic swelling and washed-out
images, and two further patterns, with morphological features of both apoptosis and necrosis, neither
classified into necrosis nor apoptosis. The results show that cell death patterns can be mostly determined
by combining observations of Ho and H& E-stained cells without the necessity for EM observation.

Mauthe RJ, Gibson DP, Bunch RT, Custer L. The syrian hamster embryo (SHE) cell transfor mation
assay: review of the methods and results. Toxicol Pathol 2001;29 Suppl:138-46.

Abstract: The Syrian hamster embryo (SHE) cell-transformation assay represents a short-term in vitro
assay capable of predicting rodent carcinogenicity of chemicals with a high degree of concordance
(LeBoeuf et a [1996]. Mutat Res 356: 85-127). The SHE assay models the earliest identifiable stage in
carcinogenicity, morphological cell transformation. In contrast to other short-term in vitro assays, both
genotoxic and epigenetic carcinogens are detected. The SHE assay, originally developed by Berwald and
Sachs (J Natl Cancer Inst 35: 641-661) and modified as described by LeBoeuf and Kerckaert
(Carcinogenesis 7: 1431-1440), was included in the International Life Sciences Institute, Health and
Environmental Sciences Institute (ILSI/HESI). Alternative Carcinogenicity Testing (ACT) collaboration
to provide additional information on the use of short-term in vitro testsin predicting carcinogenic
potential. A total of 19 ILSI compounds have been tested in the SHE assay: 15 were tested for this
project, whereas clofibrate, methapyrilene, reserpine, and Di(2-ethylhexyl)phalate (DEHP) were tested
previously. Of the 3 noncarcinogenic compounds tested, 2 were negative in the SHE assay, whereas
ampicillin was tested positive. The remaining 16 compounds tested were either known rodent
carcinogens and/or human carcinogens. From this group, 15 tested positive in the SHE assay whereas
phenacetin, a genotoxic carcinogen, was tested negative. Therefore, overall concordance between the
SHE assay and rodent bioassay was 89% (17/19), whereas concordance with known or predicted human
carcinogens was 37% (7/19). Based on these data, it is concluded that the SHE cell-transformation assay
has utility f@r predicting the results of the rodent carcinogenesis bioassay but lacks the selectivity to



distinguish between rodent and human carcinogens.

OdaH. [p53 transgenic and knockout mice]. Nippon Rinsho 2000;58(6):1250-4 [Jpn].

Abstract: Li-Fraumeni syndrome(LFS) and its relation to the p53 gene and p53 gene transgenic and
targeting mice are reviewed. LFS is a hereditary cancer-prone syndrome mainly with germ line mutation
of p53 gene. p53 deficient mice, especially heterozygous mice, may serve as amodel for human LFS,
although there are several discrepancies between them. Carcinogenesis experiment using p53 deficient
mice may be important to clarify the role of p53 in tumorigenesisin vivo.

Ogawa K, Nakanishi H, Takeshita F, Futakuchi M, Asamoto M, Imaida K, Tatematsu M, Shirai T.
Establishment of rat hepatocellular carcinoma cell lineswith differing metastatic potential in nude
mice. Int J Cancer 2001;91(6):797-802.

Abstract: For better understanding of cancer metastasis, we have established an in vivo model for
induction of highly metastatic hepatocellular carcinomas (HCC) in male F344 rats. From 1 tumor, 4 cell
lines with differing metastatic potential (C1, C2, C6, C5F) were established by subcloning using the
limited-dilution cloning technique. Two other lines, N1 and L2, arose from another primary HCC and a
lung metastatic lesion, respectively. Although cell adhesion of each cell linein culture medium was
different, tumors devel oping in the subcutis of nude mice after transplantation were all moderately
differentiated HCC with atrabecular pattern. On subcutaneous injection into nude mice, all 6 cell lines
proved to be tumorigenic in the injection site and C5F was highly metastatic to the lung. With injection
into thetail vein, N1 and L2 formed frequent metastases in the lung aswell as in lymph nodes. Using
intraperitoneal injection, C1, C6, N1 and L2 showed marked disseminated growth in the abdominal
cavity with bloody ascitis. Northern blot analysis revealed expression of known metastasis-related
genes, KAI1 and heparanase, to be decreased in C5F, but no differencesin expression of nm23-H1 were
evident. A point mutation in the GSK-3beta phosphorylation site of the beta-catenin gene was found in
L2. These transplantable HCC cell lines that have different metastatic ability should be useful for
elucidation of mechanisms of metastasis. Copyright 2001 Wiley-Liss, Inc.

Omenn GS. Assessment of human cancer risk: challengesfor alternative approaches. Toxicol

Pathol 2001;29 Suppl:5-12.

Abstract: The ILSI/HESI Workshop on Alternatives to Carcinogenicity Testing aimsto develop and
apply new methods for assessment of potential carcinogenic risk to humans from various chemicals. The
Workshop represents a major cooperative scientific effort. The long-term goals should be to greatly
enhance the efficiency and reliability of such testing and to supplant, not just supplement, lifetime rodent
bioassays. There are now well-established frameworks for risk assessment and risk management, putting
risks into public health context and engaging stakeholders. The Lave-Omenn value-of-information

model provides a useful way to assess the social costs and benefits of different strategies for testing large
numbers of chemicals.

Popp S, Waltering S, Holtgreve-Grez H, Jauch A, Proby C, Leigh IM, Boukamp P. Genetic
characterization of a human skin carcinoma progression model: from primary tumor to
metastasis. J Invest Dermatol 2000;115(6):1095-103.

Abstract: The type and number of genetic aberrations required for afully malignant tumor are still



unclear. This study describes the genetic analysis of a series of skin squamous cell carcinomas,
representing the primary tumor, two recurrences, and a metastatic lesion from a single patient and cell
lines established therefrom (MET-1 to MET-4). Comparative genomic hybridization demonstrated that:
(1) most of the gains and losses were common for tumors and cell lines and affected chromosomes 3 (3p
loss, 3g gain), 5 (5p gain, 5q loss), 7 (7p gain), 8 (8p loss, 8q gain), 11 (11g gain), and 17 (17p loss), and
(i) only one aberration was present in atumor but not in the cell line (10 loss in tumor 4); and only few
aberrations were cell line specific. From these, 10p loss and 17q gain were shared by all lines and tumor
4, suggesting that they were already present in all tumors, although in only a subpopulation of cells,
whereas 209 gain (shared by all lines), 49 loss (MET-2), and 18p gain/18q loss (MET-3) seem to be
culture derived. In agreement, multiplex fluorescence in situ hybridization demonstrated a set of
common translocations for all lines thereby further confirming their common origin. In addition, each
cell line, exhibited one or more individual translocation chromosomes, which suggested that MET-1 was
aprecursor of MET-4, whereas MET-2 and MET-3 developed in parallel. Whereas MET-1 to MET-3
were hypodiploid or hyperdiploid, MET-4 was characterized by polyploidization, a set of specific
aberrations (1(3;7), t(X;2), i(10q)), and increased heterogeneity (varying translocations in individual
metaphases). Using sequencing and expression studies, cells from all lines were wild type for p53, did
not exhibit mutationsin any of the ras genes (Harvey, Kirsten, or N-ras), and expressed wild-type fragile
histidine triad gene (FHIT; mapped to 3p14.2, alocus underrepresented in all cells) transcripts. Thus,
with the MET cell lines we present an in vivo skin carcinoma progression model that was genetically
well defined, and which, despite originating from a sun-exposed site, iswild type for p53.

Qin X, Shibata D, Gerson SL. Heter ozygous DNA mismatch repair gene PM S2-knockout miceare
susceptible to intestinal tumor induction with N-methyl-N-nitrosour ea. Carcinogenesis 2000;21
(4):833-8.

Abstract: PM S2-deficient (PM S2(-/-)) mice are hypersensitive to N-methyl-N-nitrosourea (MNU)-
induced thymic lymphomas based on the failure to initiate mismatch repair (MMR) at O(6)-
methylguanine:T mismatches formed after MNU exposure. However, heterozygous PM S2 knockout
(PMS2(+/-)) mice do not devel op spontaneous tumors, suggesting that they have sufficient MMR
function to prevent genomic instability. We hypothesized that in PM S2(+/-) mice, exogenous
carcinogens may either mutationally knockout the remaining normal allele leading cells to develop
tumors or introduce sufficient DNA adducts and mismatches to overload the lower capacity for MMR,
leading in either case to an increased rate of tumor production. In the present study, PM S2(+/-) mice and
their littermate PM S2(+/+) mice were monitored for tumor incidence following MNU treatment. Mice
were given 50 mg MNU/kg i.p. when 5 weeks old. They demonstrated a similar incidence of thymic
lymphomas, suggesting that expression of the single normal PMS2 alele is sufficient to protect the
thymus and implying that a single dose of MNU may not efficiently knock out the remaining PM S2
alelein the thymus. Surprisingly, PMS2(+/-) mice were significantly more likely to devel op intestinal
tumors-both adenomas and adenocarcinomas-after MNU than were PM S2(+/+) mice (2.34 +/- 0.34
tumors per mouse versus 1.34 +/- 0.25 tumors per mouse; P < 0.05). The intestinal tumors were located
mainly in the small intestine. However, these tumorsin both the PM S2(+/-) mice and PM S2(+/+) mice
did not show microsatellite instability characteristic of loss of MMR. These results suggest that asingle
normal PMS2 allele can protect thymus but not intestine from MNU carcinogenesis. Organ-specific
factors mi ggt influence MMR- mediated resistance to methylating agents. Heterozygous PM S2



knockout mice may be used as a promising animal model for intestinal tumorigenesis studies involving
environmental carcinogens.

Quader ST, Bello-DeOcampo D, Williams DE, Kleinman HK, Webber MM. Evaluation of the
chemopreventive potential of retinoids using a novel in vitro human prostate car cinogenesis
model. Mutat Res 2001,;496(1-2):153-61.

Abstract: The prevalence of prostatic intragpithelial neoplasia (PIN) and latent prostatic carcinoma,
representing multiple steps in carcinogenesis and progression to invasive carcinoma, makes them
relevant targets for prevention. A unique family of human prostate epithelial cell lines, which mimic
steps in prostate carcinogenesis and progression, were used to evaluate the chemopreventive potential of
al-trans-retinoic acid (RA) and N-(4-hydroxyphenyl)retinamide (4-HPR). The effects of RA and 4-HPR
on anchorage-dependent growth of an immortalized, non-tumorigenic cell line RWPE-1 and two
tumorigenic cell lines, WPE1-NB14 and WPE1-NB11, derived from RWPE-1 by exposure to N-methyl-
N-nitrosourea (MNU), were examined. Both tumorigenic cell lines grow more rapidly than the parent
RWPE-1 cell linein monolayer culture. Further, while RWPE-1 cells do not form coloniesin agar, both
tumorigenic cell lines do, with a colony forming efficiency (CFE) of 1.85 and 2.04% for WPE1-NB14
and WPE1-NB11 cells, respectively. Both RA and 4-HPR inhibited anchorage-dependent growth of all
cell lines and anchorage-independent growth of WPE1-NB14 and WPE1-NB11 cells, in adose-
dependent manner, however, 10 times more RA than 4-HPR was required to produce the same effect.
RWPE-1 cells are not invasive but WPE1-NB11 cells are significantly more invasive than WPE1-NB14
cells. Both RA and 4-HPR inhibited invasion in vitro by WPE1-NB11 and WPE1-NB14 cells where the
more malignant WPE1-NB11 cells showed greater inhibition of invasion by 4-HPR than by RA.
Overdl, 4-HPR was more effective than RA in inhibiting growth and invasion but the response varied
amongst the cell lines. These three cell lines mimic progressive steps in carcinogenesis and progression,
from immortalized, non-tumorigenic RWPE-1 cells, to the less malignant WPE1-NB14 to the more
malignant WPE1-NB11 cells, and provide powerful models for studies on secondary and tertiary
prevention, i.e. promotion and progression stages, respectively, of prostate cancer.

Resor L, Bowen TJ, Wynshaw-Boris A. Unraveling human cancer in the mouse: recent refinements
to modeling and analysis. Hum Mol Genet 2001;10(7):669-75.

Abstract: The ability to manipulate the mouse genome has made the mouse the primary mammalian
genetic model organism. It has been possible to model human cancer in the mouse by overexpressing
oncogenes or inactivating tumor suppressor genes, and these experiments have provided much of our in
vivo understanding of cancer. However, these transgenic approaches do not always completely and
accurately model human carcinogenesis. Recent devel opments in transgenic and knockout approaches
have improved the accuracy of modeling somatic cancer in the mouse and analyzing the genomic
instability that occursin murine tumors. It is possible to use retroviral gene delivery, chromosome
engineering and inducible transgenes to sel ectively manipulate the genome in a more precise spatial and
temporal pattern. In addition, the development of powerful cytogenetic tools such as spectral
karyotyping, fluorescence in situ hybridization and comparative genome hybridization have improved
our ability to detect chromosomal rearrangements. Finally, global patterns of gene expression can be
determined by microarray analysis to decipher complex gene patterns which occur in cancers. Several of
these advar)ges in mouse modeling of human cancer are discussed in this review.



Rhim JS. Development of human cell lines from multiple organs. Ann N 'Y Acad Sci 2000;919:16-25.
Abstract: While the mgjority of carcinogenesis studies have relied on the use of rodent cellsin culture,
experimental models to define the role of carcinogenic agents in the development of cancers must be
established by using avariety of human cells. Unlike rodent cells, normal human cellsin culture rarely
undergo spontaneous transformation and have generally proven to be resistant to neoplastic
transformation by carcinogens. Remarkable progress has been made during the past decade in human
cell transformation systems. Malignant transformation of human cellsin culture has been achieved by a
stepwise process: immortalization and conversion of the immortalized cells to tumorigenic cells. One of
the critical initial eventsin the progression of normal human cells to tumor cellsis the escape from
cellular senescence, with few exceptions; normal human cells require immortalization to provide a
practical system for carcinogenesis studies. Different cell types require different conditions and
transforming agents to achieve a useful cell line. The current state of the art in immortalization of human
cellswill be presented.

Riveda E, Mikalsen SO, Sanner T. M orphological transfor mation and effect on gap junction

inter cellular communication in Syrian hamster embryo cells as screening tests for car cinogens
devoid of mutagenic activity. Toxicol In Vitro 2000;14(2):185-92.

Abstract: A large fraction of chemicals observed to cause cancer in experimental animalsis devoid of
mutagenic activity. It is therefore of importance to develop methods that can be used to detect and study
environmental carcinogenic agents that do not interact directly with DNA. Previous studies have
indicated that induction of in vitro cell transformation and inhibition of gap junction intercellular
communication are endpoints that could be useful for the detection of non-genotoxic carcinogens. In the
present work, 13 compounds [chlordane, Arochlor 1260, di(2-ethylhexyl)phthalate, 1,1,1-trichloro-2, 2-
bis(4-chlorophenyl)ethane, limonene, sodium fluoride, ethionine, o-anisidine, benzoyl peroxide, o-
vanadate, phenobarbital, 12-O-tetradecanoylphorbol 13-acetate and clofibrate] have been tested for their
ability to induce morphological transformation and affect intercellular communication in Syrian hamster
embryo cells. The substances were selected on the basis of being proven or suspected non-genotoxic
carcinogens, and thus difficult to detect in short-term tests. The data show that nine of the 13 compounds
induced morphological transformation, and seven of the 13 inhibited intercellular communication in
hamster embryo cells. Taken together, 12 of the 13 substances either induced transformation or caused
inhibition of communication. The data suggest that the combined use of morphological transformation
and gap junction intercellular communication in Syrian hamster embryo cells may be beneficial when
screening for non-genotoxic carcinogens.

Roby KF, Taylor CC, Sweetwood JP, Cheng Y, Pace JL, Tawfik O, Persons DL, Smith PG, Terranova
PF. Development of a syngeneic mouse model for eventsrelated to ovarian cancer. Carcinogenesis
2000;21(4):585-91.

Abstract: Mouse ovarian surface epithelial cells (MOSEC) were obtained from virgin, mature mice by
mild trypsinization and were repeatedly passaged in vitro. Early passage cells (Z20 passages) exhibited a
cobblestone morphology and contact inhibition of growth. After approximately 20 passages in vitro,
cobblestone morphology and contact inhibition of growth was lost. Tumor forming potential was
determinedsg)y s.c. andi.p. injection of early and late passage cells into athymic and syngeneic C57BL 6



mice. Subcutaneous tumors formed in approximately 4 months and were present only at the injection
site. Intraperitoneal injection of |ate passage MOSEC into athymic and syngeneic mice resulted in
growth of tumor implants throughout the abdominal cavity, and production of hemorrhagic ascitic fluid.
Early passage MOSEC did not form tumorsin vivo. Histopathologic analysis of tumors revealed a
highly malignant neoplasm containing both carcinomatous and sarcomatous components. L ate passage
MOSEC expressed cytokeratin and did not produce ovarian steroids in response to gonadotropin
stimulation in vitro. Ten clonal lines were established from late passage MOSEC. Each clone formed
multiple peritoneal tumors and ascitic fluid after i.p. injection into C57BL6 mice. Three cell lines
examined cytogenetically were polyploid with near-tetraploid modal chromosome numbers. Common
clonal chromosome gains and losses included +5, +15, +19 and -X, -3, -4. One cell line had a clonal
transl ocation between chromosomes 15 and 18 and another had a small marker chromosome; common
structural abnormalities were not observed. These data describe the development of a mouse model for
the study of events related to ovarian cancer in humans. The ability of the MOSEC to form extensive
tumors within the peritoneal cavity, similar to those seen in women with Stage I11 and IV cancer, and the
ability of the MOSEC to produce tumors in mice with intact immune systems, makes this model unique
for investigations of molecular and immune interactions in ovarian cancer development.

Salter ER, Tichansky D, Furth EE, Herlyn AM. Tumor -associated antigen expression and growth
requirements predict tumorigenesisin squamous cell carcinoma. In Vitro Cell Dev Biol Anim
2001;37(8):530-5.

Abstract: Squamous cell carcinomas (SCCs) are the most common malignancies in man. While clinical
specimens are theoretically ideal to study tumor development and progression, practical difficulties such
asnormal cell contamination, the presence of different cell types. and limited material make preclinical
studies of model systems involving a homogeneous popul ation of normal or transformed cells
preferable. Tumor-associated antigens (TAAS) found on the cell surface, including integrins, mucins,
cadherins, growth factor receptors, membrane bound antigens, and glycoproteins are known to play an
important role in squamous carcinogenesis. We hypothesized that (1) alterationsin TAA expression in
vitro predict in vivo aterations, (2) analysis of agroup of TAAswould provide a better indication of
SCC tumorigenesis than any single marker, and (3) SCCs with independence from exogenous growth
factors in vitro would demonstrate the most aggressive growth in vivo. The cell line which grew best in
vitro without serum or other supplements demonstrated the most rapid tumor growth. whereas cell lines
which grew only with supplements rarely formed tumors. Normal keratinocytes. eight SCC and two
immortal keratinocyte cell lines were evaluated by flow cytometry for the expression of 10 cell surface
markers, including alpha and beta integrins, minor blood group-related carbohydrate determinants.
carcinoembryonic antigen-related proteins, E-cadherin, and GA733 (epithelial glycoprotein. epithelial
cell adhesion molecule). None of the cell lines with abnormal expression of < or = 2 markers formed
tumors, whereas all lines with altered expression of > or = 3 markers formed tumors. Using GA733
expression as an example, we found that altered TAA expression in vitro predicted the presence of TAA
aterationsin clinical specimens. In summary, in vitro independence from supplements for optimal
growth and altered expression of > or = 3 cell surface markers were good predictors of SCC
tumorigenesis. These findings may be useful in decreasing the need for whole animal tumorigenicity
experiments.
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Sasaguri K, Ganss B, Sodek J, Chen JK. Expression of bone sialoprotein in mineralized tissues of
tooth and bone and in buccal-pouch carcinomas of Syrian golden hamsters. Arch Oral Biol 2000;45
(7):551-62.

Abstract: The expression of bone sialoprotein (BSP) is normally restricted to mineralized connective
tissues of bones and teeth where it has been associated with mineral crystal formation. However, recent
studies have revealed ectopic expression of BSP in various lesions, including oral and extraoral
carcinomas, in which it has been associated with the formation of microcrystalline deposits and the
metastasis of cancer cellsto bone. To develop amodel to study the induction of BSP in carcinoma
development, BSP expression in squamous-cell carcinomas induced by chemical carcinogen in the
hamster cheek-pouch epithelium was investigated. Hamster BSP cDNA was first isolated and
characterized, then used to prepare probes for Northern and in situ hybridization. The protein sequence
of hamster BSP displayed 86% amino acid identity with a consensus mammalian BSP sequence and
retained polyglutamate sequences, the RGD sequence and sites of phosphorylation, glycosylation and
sulphation. The tissue-specific expression of hamster BSP mRNA and protein was confirmed by in situ
hybridization and immunolocalization in devel oping tissues. Squamous-cell carcinomas induced in the
buccal pouches of 5-week-old male Syrian golden hamsters treated with chemical carcinogen had BSP
MRNA and BSP in the proliferating neoplastic epithelium. In contrast, neither BSP mRNA nor the
protein could be detected in the stromawithin which islands of the transformed tissue had formed. Thus,
the hamster cheek pouch is a well-characterized model that can be used to study the induced expression
of BSP in association with the development of squamous-cell carcinomas.

Sawant SG, Randers-Pehrson G, Geard CR, Brenner DJ, Hall EJ. The bystander effect in radiation
oncogenesis: |. Transformation in C3H 10T 1/2 cellsin vitro can beinitiated in the unirradiated
neighborsof irradiated cells. Radiat Res 2001;155(3):397-401.

Abstract: It has long been accepted that radiation-induced genetic effects require that DNA be hit and
damaged directly by the radiation. Recently, evidence has accumulated that in cell populations exposed
to low doses of apha pArticles, biological effects occur in alarger proportion of cells than are estimated
to have been traversed by apha pArticles. The end points observed include chromosome aberrations,
mutations and gene expression. The development of afast single-cell microbeam now makesit possible
to expose a precisely known proportion of cellsin a population to exactly defined numbers of apha
pArticles, and to assay for oncogenic transformation. The single-cell microbeam delivered no, one, two,
four or eight alpha pArticles through the nuclei of all or just 10% of C3H 10T1/2 cells. We show that (a)
more cells can be inactivated than were actually traversed by alpha pArticles and (b) when 10% of the
cellson adish are exposed to alpha pArticles, the resulting frequency of induced transformation is not
less than that observed when every cell on the dish is exposed to the same number of apha pArticles.
These observations constitute evidence suggesting a bystander effect, i.e., that unirradiated cells are
responding to damage induced in irradiated cells. This bystander effect in a biological system of
relevance to carcinogenesis could have significant implications for risk estimation for low-dose radiation.

Schuldiner O, Benvenisty N. A DNA microarray screen for genesinvolved in c-MYC and N-MYC
oncogenesisin human tumors. Oncogene 2001;20(36):4984-94.

Abstract: MY C proto-oncogenes play amajor role in various types of human tumors. The products of
these genes are transcription factors that bind to specific sequences and activate the expression of target



genes. ldentifying these target genes and their downstream effectors is acrucia step in understanding
and preventing MY C induced oncogenesis. Until now, most of the efforts to identify such genes were
performed by analysing in vitro systems whose relevance to the malignant process in vivo remains
unclear. We aimed at identifying genesthat play a major role in the malignant process of MY C induced
carcinogenesis. Thus, we analysed the expression profiles of human MY C induced tumors and compared
them to similar, non-MY C tumors. Moreover, we looked for the common characteristics of different
types of MY C induced tumors. We identified several genes, most of them involved in cell cycle
regulation, that are over expressed in MY C induced lymphomas as well as MY C induced neuronal-like
tumors. In order to determine whether MY C induced oncogenesisis similar in human and in the mouse
model system, we analysed the expression of the identified genes in cells derived from transgenic mice
tumors. We also present the distribution of MY C putative binding sitesin the regulatory sequences of
the genesidentified in our analysis. This analysis pointed to two genes (E2F1 and TSC?2) as candidates
to be targets of Myc activity. We thus further analysed the expression of these genesin the tumor cell
lines, and examined the plausibility that elementsin their promoter bind the Myc protein. Our data
points to several genesthat may beinvolved in c-MY C and N-MY C induced tumors and to two genes
that may betargetsfor MY C activity.

Shattuck-Brandt RL, Varilek GW, Radhika A, Y ang F, Washington MK, DuBois RN. Cyclooxygenase
2 expression isincreased in the stroma of colon carcinomas from IL-10(-/-) mice. Gastroenterol ogy
2000;118(2):337-45.

Abstract: BACKGROUND & AIMS: The pathological and molecular changes associated with colitis-
associated colorectal cancer and sporadic colorectal cancer are considered to be distinct. Therefore, we
have used a mouse model of ulcerative colitis to determine if expression of the enzyme cyclooxygenase
(COX)-2isincreased in colitis-associated tumors. METHODS: Reverse-transcription polymerase chain
reaction and Western analysis were used to determine if COX-2 expression isincreased in these tumors;
in situ hybridization and immunohistochemistry were used to determine the localization of COX-2.
RESULTS: Increased levels of COX-2 messenger RNA and protein were detected in interleukin (1L)-10
(-/-) tumors and in an inflamed region of the colon that contained no macroscopically detected tumors.
This expression was localized to the inflammatory cells associated with ulcerated regions of the tumor
by in situ hybridization and immunohistochemistry. Increased COX-2 expression was also associated
with the areas of the tumor expressing alpha-smooth muscle actin, which is a molecular marker for
subepithelial myofibroblasts. The association between COX-2 expression and subepithelial
myofibroblasts was also noted in tumors derived from the multiple intestinal neoplasia mice (Min/+) and
from carcinogen-induced tumors. CONCLUSIONS: These results indicate that COX-2 is expressed very
early in the pathogenesis of colitis-associated tumors, and that the expression pattern is similar to that
seen in tumors from azoxymethane-treated and Min/+ mice.

ShenZ, Cen S, Shen J, Cai W, Xu J, Teng Z, Hu Z, Zeng Y. Study of immortalization and malignant
transformation of human embryonic esophageal epithelial cellsinduced by HPV 18 E6E7. J Cancer
Res Clin Oncol 2000;126(10):589-94.

Abstract: In order to study the effect of viruses and tumor promoters on the tumorigenicity of the
esophagus, human embryonic esophageal epithelia cells were infected with human papillomavirus
HPV18 E6E7-AAV in synergy with 12-O-tetradecanoylphorbol 13-acetate (TPA) to observe their



malignant transformation. The cultured esophageal epithelia cellsincubated with HPV 18 EGE7-AAV
were divided into two groups: the SHEEC1 group was exposed to TPA (5 ng/ml) for 4 weeks at the 5th
passage of the cells; the SHEE group served as the control and was cultured in the same medium without
TPA. The morphological phenotype, the DNA content during the cell cycle and the chromosomes were
analyzed. The tumorigenicity was assessed by colony formation after cultivation in soft agar and
transplanting the cells into nude mice. HPV 18 EGE7 DNA was assayed by fluorescent in situ
hybridization (FISH) and the polymerase chain reaction (PCR). The SHEE group, at its 20th passage,
grew as a monolayer with the cells showing anchorage dependence and contact inhibition. The
chromosome analysis showed diploidy, and soft-agar cultivation and injection into nude mice showed
the cells to be non-tumorigenic. They were therefore immortalized cells. In contrast, the SHEEC1 group
(TPA group) showed increased DNA synthesis and a proliferative index that was higher (45%) than that
of the SHEE group (34%). The number of large colonies of dense multilayer cells (positively
transformed foci) in soft agar was high in SHEEC1 group (4.0%) but low in the SHEE group (0.1%).
Tumors resulting from transplantation were observed in all six nude mice injected subcutaneously with
cells of the SHEEC1 group but no tumor developed in mice receiving cells of the SHEE group. In both
groups of cells, HPV 18 E6E7 DNA was positively detected by FISH and PCR. The malignant
transformation of human embryonic epithelial cells wasinduced in vitro by HPV 18 EGE7 in synergy
with TPA. Thisisagood evidence for the close relationship between HPV and the etiology and
pathogenicity of esophageal carcinoma. It isaso areliable model for studying the cellular and molecular
mechanisms of carcinogenesis of esophageal carcinoma.

Smith WA, Freeman JW, Gupta RC. Effect of chemopreventive agents on DNA adduction induced
by the potent mammary car cinogen dibenzo[a,|]pyrenein the human breast cells MCF-7. Mutat
Res 2001,;480-481:97-108.

Abstract: Over 1500 structurally diverse chemicals have been identified which have potential cancer
chemopreventive properties. The efficacy and mechanisms of this growing list of chemoprotective
agents may be studied using short-term bioassays that employ relevant end-points of the carcinogenic
process. In this study, we have examined the effects of eight potential chemopreventive agents, N-
acetylcysteine (NAC), benzylisocyanate (BIC), chlorophyllin, curcumin, 1,2-dithiole-3-thione (D3T),
ellagic acid, genistein, and oltipraz, on DNA adduction of the potent mammary carcinogen dibenzo[a,l]
pyrene (DBP) using the human breast cell line MCF-7. Bioactivation of DBP by MCF-7 cells resulted in
the formation of one predominant (55%) dA-derived and several other dA- or dG-derived DNA adducts.
Three test agents, oltipraz, D3T, and chlorophyllin substantially (>65%) inhibited DBP-DNA adduction
at the highest dose tested (30 microM). These agents also significantly inhibited DBP adduct levels at a
lower dose of 15 microM, while oltipraz was effective even at the lowest dose of 5 microM. Two other
agents, genistein and ellagic acid were moderate (45%) DBP-DNA adduct inhibitors at the highest dose
tested, while NAC, curcumin, and BIC were ineffective. These studies indicate that the MCF-7 cell line
is an applicable model to study the efficacy of cancer chemopreventive agents in a human setting.
Moreover, this model may also provide information regarding the effect of the test agents on carcinogen
bioactivation and detoxification enzymes.

Spalding JW, French JE, Stasiewicz S, Furedi-Machacek M, Conner F, Tice RR, Tennant RW.
Responses of transgenic mouse lines pS3(+/-) and Tg.AC to agentstested in conventional



car cinogenicity bioassays. Toxicol Sci 2000;53(2):213-23.

Abstract: The haplo-insufficient p53 knockout (p53+/-) and zetaglobin v-Ha-ras (Tg.AC) transgenic
mouse models were compared to the conventional two rodent species carcinogen bioassay by
prospectively testing nine chemicals. Seven of the chemicals classified as carcinogensin the
conventional bioassay induced tumorsin the liver or kidneys of B6C3F1 mice, and one
(pentachlorophenol) aso induced tumors in other tissues. Only three chemicals, furfuryl alcohol,
pyridine, and pentachlorophenol, induced tumorsin rats. The tumorigenic effect of pyridine was seenin
F344 rats but not in Wistar strain rats. None of the chemicals induced tumors in the p53+/- transgenic
mice, which is consistent with the absence of genotoxicity of these chemicals. Only two of the seven
nongenotoxic carcinogens were positive in the Tg.AC model (lauric acid diethanolamine and
pentachlorophenoal). These results show that these transgenic models do not respond to many chemicals
that show strain- or species-specific responses in conventional bioassays.

Storer RD, French JE, Haseman J, Hagjian G, LeGrand EK, Long GG, Mixson LA, Ochoa R, Sagartz JE,
Soper KA. P53+/- hemizygous knockout mouse: overview of available data. Toxicol Pathol 2001;29
Suppl:30-50.

Abstract: The performance of the p53-/- transgenic (knockout) mouse model was evaluated through
review of the datafrom 31 short-term carcinogenicity studies with 21 compounds tested as part of the
International Life Sciences Ingtitute's (ILSI) Alternatives to Carcinogenicity Testing (ACT) project,
together with data from other studies which used comparable protocols. As expected based on the
hypothesis for the model, a significant number (12/16 or 75%) of the genotoxic human and/or rodent
carcinogens tested were positive and the positive control, p-cresidine, gave reproducible responses
across |laboratories (18/19 studies positive in bladder). An immunosuppressive human carcinogen,
cyclosporin A, was positive for lymphomas but produced a similar response in wild type mice. Two
hormones that are human tumorigens, diethylstilbestrol and 17beta-estradiol, gave positive and
equivocal results, respectively, in the pituitary with p53-deficient mice showing a greater incidence of
proliferative lesions than wild type. None of the 22 nongenotoxic rodent carcinogens that have been
tested produced a positive response but 2 compounds in this category, chloroform and
diethylhexylphthal ate, were judged equivocal based on effectsin liver and kidney respectively. Four
genotoxic noncarcinogens and 6 nongenotoxic, noncarcinogens were also negative. In total (excluding
compounds with equivocal results), 42 of 48 compounds or 88% gave results that were concordant with
expectations. The technical lessons learned from the ILSI ACT-sponsored testing in the p53+/- model
are discussed.

Tagliaferri F, Teodori L, Vaente MG, StipaF, Cucina A, Gohde W, Colettii D, Alo P, Stipa S. In vitro
proliferation and in vivo malignancy of cell lines simultaneously derived from a chemically-
induced heter ogeneousrat mammary tumor. In Vitro Cell Dev Biol Anim 2000;36(3):163-6.
Abstract: Identification of clonesin primary tumors responsible for proliferation, invasion, and
metastasis was carried out. Four different aneuploid established cell lines derived from a ductal
infiltrating mammary rat tumor induced by 7,12-dimethylbenz[a]anthracene were studied for
proliferative and growth features in vitro and for tumorigenic and metastatic potential in vivo in nude
mice. Clones, named RM1, RM2, RM 3, and RM4, were characterized by different proliferative activity.
Clone RM1 showed the highest proliferative activity by both tritiated thymidine incorporation and S-



phase flow cytometry, followed by clone RM4. Conversely, clones RM2 and RM 3 showed a lower
proliferation rate. Growth-promoting activity, tested on 3T3 Swiss cells, was high in all clones, although
RM1 showed significantly lower growth factors-releasing activity. Nude mice tumorigenesis
demonstrated a strong tumor induction of line RM1 (100% of the mice after 47 +/- 7 d) and a dlightly
lower tumor induction of line RM4 (70% of the mice after 69 +/- 9 d). Line RM 3 showed tumor
induction in 40% of the mice after 186 +/- 16 d. Lines RM2 showed no tumor induction. Metastasis
occurred in mice treated with [ine RM1 only. Therefore, tumorigenesis and metastasis correlate with
proliferation but not with the release of growth factors. In conclusion, flow cytometry monitoring of
clones from heterogeneous primary tumors proved to be a suitable model for the study of in vivo
malignancy and in vitro proliferation.

Thielecke H, Mack A, Robitzki A. Biohybrid microarrays--impedimetric biosensorswith 3D in vitro
tissues for toxicological and biomedical screening. Fresenius J Ana Chem 2001;369(1):23-9.
Abstract: To investigate the effectiveness of potential anticancer therapeutics or therapies, efficient
screening methods are required. On the one hand, multicellular 3D aggregates (spheroids) are a powerful
in vitro model for ssimulating the in vivo situation and on the other hand, planar electrode structures are
generaly highly suitable for automation and parallel testing. Here, the detection of the effect of active
substances on spheroids positioned on electrodes of substrate integrated electrode arrays is exemplarily
investigated. As a 3D tissue model areaggregation system of T47D clone 11 tumor cellsisused. The
effect of cytotoxins (DM SO, Triton X-100) on spheroids can be detected by recording the effective
impedance of planar electrodes covered by spheroids. The equivalent circuit model parameter of
electrodes covered by cytotoxin treated spheroids are determined from recorded impedance spectra and
compared to the parameter of electrodes covered by control spheroids as well as not covered electrodes.
Spheroids on electrodes mainly influence the electrode impedance in the frequency range of 10 kHzto 1
MHz. Theresults are discussed in view of an optimal electrode/spheroid-interface for sensing the effects
of therapeutics with high sensitivity.

Thompson KL, Rosenzweig BA, Tsong Y, Sistare FD. Evaluation of in vitro reporter geneinduction
assaysfor usein arapid prescreen for compound selection to test specificity in the Tg.AC mouse
short-term car cinogenicity assay. Toxicol Sci 2000;57(1):43-53.

Abstract: Under |CH guidelines, short-term carcinogenicity assays such asthe Tg.AC assay are allowed
alternatives for one species in the 2-year rodent bioassay. The Tg.AC transgenic mouse, which carries
the v-Ha-ras oncogene under control of the zeta-globin promoter, devel ops skin papillomasin response
to dermal application of carcinogens and tumor promoters. The appropriate specificity of the Tg.AC
model for testing pharmaceuticals has not been systematically evaluated. The selection of candidate test
compounds among noncarcinogenic pharmaceuticals would be aided by a high-throughput in vitro
prescreen correlative of activity inthe in vivo Tg.AC assay. Here we describe the development of a
prescreen based on correct response to 24 compounds tested previously in Tg.AC mice. Thein vitro
prescreens, chosen to reflect molecular pathways possibly involved in Tg.AC papilloma formation,
consisted of a zeta-globin promoter-luciferase construct stably expressed in K562 cells (Zeta-Luc) and
three of the stress-response el ement-chloramphenicol acetyltransferase (CAT) fusion constructs stably
expressed in HepG2 cells that are part of the CAT-Tox (L)iver assay. The stress response elements
chosen werg the c-fos promoter, the gadd153 promoter, and pS3 response element repeats. Of the four



assays, the gadd153-CAT assay showed the strongest concordance with activity in the Tg.AC assay,
correctly classifying 78% of Tg.AC positive and 83% of Tg.AC negative compounds. The correlation
was further improved by adding the Zeta-L uc assay as a second-stage screen. These cell-based assays
will be used in anovel approach to selecting candidate compounds that challenge the specificity of the
Tg.AC assay toward pharmaceuticals.

Torrance CJ, Agrawa V, Vogelstein B, Kinzler KW. Use of isogenic human cancer cellsfor high-
throughput screening and drug discovery. Nat Biotechnol 2001;19(10):940-5.

Abstract: Cell-based screening for novel tumor-specific drugs has been compromised by the lack of
appropriate control cells. We describe a strategy for drug screening based on isogenic human cancer cell
lines in which key tumorigenic genes have been deleted by targeted homologous recombination. As a
test case, ayellow fluorescent protein (Y FP) expression vector was introduced into the colon cancer cell
line DLD-1, and a blue fluorescent protein (BFP) expression vector was introduced into an isogenic
derivative in which the mutant K-Ras allele had been deleted. Co-culture of both cell lines allowed facile
screening for compounds with selective toxicity toward the mutant Ras genotype. Among 30,000
compounds screened, anovel cytidine nucleoside analog was identified that displayed selective activity
in vitro and inhibited tumor xenografts containing mutant Ras. The present data demonstrate a broadly
applicable approach for mining therapeutic agents targeted to the specific genetic alterations responsible
for cancer development.

Trombino AF, Near RI, MatulkaRA, Yang S, Hafer LJ, Toselli PA, Kim DW, Rogers AE, Sonenshein
GE, Sherr DH. Expression of the aryl hydrocarbon receptor/transcription factor (AhR) and AhR-
regulated CYP1 genetranscriptsin arat model of mammary tumorigenesis. Breast Cancer Res
Treat 2000;63(2):117-31.

Abstract: Exposure to ubiquitous environmental chemicals, such as polycyclic aromatic hydrocarbons
(PAH), may contribute to human breast cancer. In animals, PAH induce tumors in part by activating the
aryl hydrocarbon receptor (AhR)/transcription factor. Historically, investigations into AhR-regul ated
carcinogenesis have focused on AhR-dependent transcriptional regulation of cytochrome P450 (CY P)
enzymes which oxidize PAH to mutagenic intermediates. However, recent studies suggest that the AhR
directly regulates cell growth. Given the postulated role of the AhR in carcinogenesis, we predicted that:
(1) tissue predisposed to PAH tumorigenesis would express the AhR and (2) aberrant AhR and/or AhR-
regulated gene expression would accompany malignant transformation. To test these hypotheses, AhR
and CY P1 protein and/or mRNA levels were evaluated in rat mammary tumors induced with 7, 12-
dimethylbenz[ alanthracene (DMBA), a prototypic PAH and AhR ligand. Results indicate modest AhR
expression in normal mammary myoepithelial and ductal epithelial cells. In contrast, high AhR levels
were detected in DMBA-induced tumors. Nuclear AhR localization in tumors suggested constitutive
AhR activation. In situ hybridization and quantitative RT-PCR assays indicated high AhR mRNA levels
in neoplastic epithelia cells. While both AhR-regulated CY P1A1 and CYP1B1 mRNAswere induced in
breast tissue within 6 h of DMBA gavage, only CY P1B1 mRNA remained elevated in tumors. These
results: (1) help explain targeting of breast tissue by carcinogenic PAH, (2) imply that AhR and

CY P1B1 hyper-expression represent molecular biomarkersfor, at least, PAH-induced mammary cell
transformation, and (3) suggest mechanisms through which the AhR may contribute to carcinogenesis
well after exogenous AhR ligands have been eliminated.



Tsutsumi S, Kuwano H, MorinagaN, ShimuraT, Asao T. Animal model of para-aortic lymph node
metastasis. Cancer Lett 2001;169(1):77-85.

Abstract: The purpose of this study was to establish a model of experimental lymph node metastasis by
intra-rectal implantation of human cancer cells in nude mice. Four types of human cancer cell lines (TE-
1, MKN-45, HT-29, and MIAPaca-2) were investigated. Tumor cells suspended in Matrigel were
injected into the submucosal layer of the rectum. All cancer cell lines produced locally aggressive rectal
tumors and, subsequently, para-aortic lymph node metastasis. We were unable to produce other distant
metastases in the dying state in such locations as the liver, spleen, lung, and peritoneum. However, using
this method, we were able to evaluate the effect of the anti-cancer agent uracil/tegafur (UFT) on primary
tumor growth and lymph node metastasis. Oral intake of UFT significantly suppressed implanted tumor
volume and inhibited lymph node metastasis. We expect that the process of lymph node metastasis
shown in this model will be studied as an experimental model of lymph node metastasis simulating
human cancers.

van Kreijl CF, McAnulty PA, Beems RB, Vynckier A, van Steeg H, Fransson-Steen R, Alden CL,
Forster R, van der Laan JW, Vandenberghe J. Xpa and Xpa/p53+/- knockout mice: overview of
available data. Toxicol Pathol 2001;29 Suppl:117-27.

Abstract: DNA repair deficient Xpa-/- and Xpa-/-/p53+/- knock-out mice in a C57BL/6 genetic
background, referred to as respectively the XPA and XPA/p53 model, were investigated in the
international collaborative research program coordinated by International Life Sciences Institute (ILSI)/
Health and Environmental Science Institute. From the selected list of 21 ILSI compounds, 13 were
tested in the XPA model, and 10 in the XPA/p53 model. With one exception, all studies had a duration
of 9 months (39 weeks). The observed spontaneous tumor incidence for the XPA model after 9 months
was comparable to that of wild-type mice (total 6%). For the XPA/p53 model, this was somewhat higher
(9%/13% for males/females). The 3 positive control compounds used, B[a]P, p-cresidine, and 2-AAF,
gave positive and consistent tumor responses in both the XPA and XPA/p53 model, but no or lower
responses in wild-type mice. From the 13 ILS|I compounds tested, the single genotoxic carcinogen
(phenacetin) was negative in both the XPA and XPA/p53 model. Positive tumor responses were
observed for 4 compounds, the immunosuppressant cyclosporin A, the hormone carcinogens DES and
estradiol, and the peroxisome proliferator WY -14,643. Negative results were obtained with 5 other
nongenotoxic rodent carcinogens, and 2 noncarcinogens tested. As expected, both DNA repair deficient
models respond to genotoxic carcinogens. Combined with previous results, 6 out of 7 (86%) of the
genotoxic human and/or rodent carcinogens tested are positive in the XPA model. The positive results
obtained with the 4 mentioned nongenotoxic ILSI compounds may point to other carcinogenic
mechanisms involved, or may raise some doubts about their true nongenotoxic nature. In general. the
XPA/p53 model appears to be more sensitive to carcinogens than the X PA model.

van Steeg H, de Vries A, van Oostrom CTh, van Benthem J, Beems RB, van Kreijl CF. DNA repair-
deficient Xpa and Xpa/p53+/- knock-out mice: nature of the models. Toxicol Pathol 2001;29
Suppl:109-16.

Abstract: Xeroderma pigmentosum (XP) is arare autosomal recessive disease in which repair of
ultraviolet g%JV)—induced DNA damageisimpaired or is totally absent due to mutations in genes



controlling the DNA repair pathway known as nucleotide excision repair (NER). XP is characterized, in
part, by extreme sensitivity of the skin to sunlight, and XP patients have a more than 1000-fold increased
risk of developing cancer at sun-exposed areas of the skin. To study the role of NER in chemical-
induced tumorigenesis in more detail, the authors developed X pa-/- homozygous knockout mice with a
complete defect in NER (designated as Xpa mice or XPA model). Xpa mice develop skin tumors at high
frequency when exposed to UV light, and as such, they mimic the phenotype of human XP. Moreover,
the Xpa mice also appear to be susceptible to genotoxic carcinogens given orally. Based on these
phenotypic characteristics, the X pa mice were considered to be an attractive candidate mouse model for
use in identifying human carcinogens. In an attempt to further increase both the sensitivity and
specificity of the XPA model in carcinogenicity testing, the authors crossed X pa mice with mice having
a heterozygous defect in the tumor suppressor gene p53. Xpa/p53+/- double knockout mice develop
tumors earlier and with higher incidences upon exposure to carcinogens as compared to their single
knockout counterparts. Here the authors describe the devel opment and features of the X pa mouse and
present some examples of the Xpaand X pa/p53+/- mouse models' sensitivity towards genotoxic
carcinogens. It appeared that the X pa/p53+/- double knockout mouse model is favorable over both the
Xpaand p53+/- single knockout models in short-term carcinogenicity testing. In addition to the fact that
the double knockout mice respond more robustly to carcinogens, they also appear to respond in avery
discriminative way. All compounds identified thus far are true (human) carcinogens, and, therefore, the
authors believe that the X pa/p53+/- mouse model is an excellent candidate for a future replacement of
the chronic mouse bioassay, at least for certain classes of chemicals.

Wang Y, Sudilovsky D, Zhang B, Haughney PC, Rosen MA, Wu DS, Cunha TJ, DahiyaR, Cunha GR,
Hayward SW. A human prostatic epithelial model of hormonal carcinogenesis. Cancer Res 2001;61
(16):6064-72.

Abstract: The effects of stromal and hormonal environment on the immortalized but nontumorigenic
human prostatic epithelial cell line BPH-1 were investigated in an in vivo model. BPH-1 cells were
recombined with rat urogenital sinus mesenchyme (UGM), and the tissue recombinants were grafted to
the renal capsule of adult male athymic mouse hosts. BPH-1 + UGM recombinants formed solid
branching epithelial cords with awell-defined basement membrane. The cords canalized to form ductal
structures. The mesenchymal cells formed thick sheets of well-differentiated smooth muscle surrounding
the epithelium, reinforcing the idea that the epithelium dictates the patterning of prostatic stromal cells.
When hosts carrying BPH-1 + UGM tissue recombinants were exposed to testosterone propionate and
17-beta-estradiol (T + E2), the tissue recombinants responded by forming invasive carcinomas,
demonstrating mixed, predominantly squamous as well as adenocarcinomatous (small acinar and
mucinous) differentiation. When either untreated or T + E2-treated hosts were castrated, epithelial
apoptosis was observed in the grafts. When tumors were removed and regrafted to fresh hosts they grew
rapidly. Tumors were serially regrafted through six generations. Histologically these tumors consisted
largely of focally keratinizing squamous cell carcinoma with high-grade malignant cytological features.
BPH-1 cells grown in the absence of UGM survived at the graft site but did not form tumors or
organized structures. This behavior was not influenced by the presence or absence of T + E2 stimulation.
These data show that an immortalized, nontumorigenic human prostatic epithelial cell line can undergo
hormonal carcinogenesisin responseto T + E2 stimulation. In addition, the data demonstrate that the
stromal en\éigronment plays an important role in mediating hormonal carcinogenesis.



Warbrick EV, Dearman RJ, Ashby J, Schmezer P, Kimber I. Preliminary assessment of the skin
sensitizing activity of selected rodent carcinogens using the local lymph node assay. Toxicology
2001;163(1):63-9.

Abstract: It has been demonstrated previoudly that there exists an incomplete correlation between the
skin sensitizing potential of chemicals and their mutagenic properties as judged by activity in the
Salmonella mutation assay. More recently, it has been proposed that there may exist a broader
association between carcinogenicity in rodents (including non-genotoxic carcinogenesis) and skin
sensitizing activity. To explore further these putative relationships we have here examined the skin
sensitizing potential of two non-genotoxic rodent carcinogens which are generally considered not to
represent a carcinogenic hazard in humans (limonene and saccharin) and of three genotoxic rodent
carcinogens (vinylidene dichloride, ethyl acrylate and bisphenol A diglycidyl ether). For this purpose we
have used the local lymph node assay (LLNA), amethod for the identification and characterization of
skin sensitizing chemicals that has recently been recognized as a stand-alone method for hazard
identification purposes. Activity inthe LLNA was compared with the results of Salmonellatests
conducted previously. This small series of investigations reveals that there exists no general relationship
between skin sensitizing potential and rodent carcinogenicity. Furthermore, athough a general
correlation does exist between mutagenic activity and skin sensitization, this association is not universal
and activity in the Salmonella mutation assay does not necessarily imply skin sensitizing potential.
Collectively these data suggest that it is inappropriate currently to recommend the use of skin
sensitization tests as an adjunct to conventional approaches to the evaluation of potential carcinogenicity.

Webber MM, Quader ST, Kleinman HK, Bello-DeOcampo D, Storto PD, Bice G, DeMendonca-Calaca
W, Williams DE. Human cell linesas an in vitro/in vivo model for prostate car cinogenesis and
progression. Prostate 2001;47(1):1-13.

Abstract: BACKGROUND: The study of prostate carcinogenesis and tumor progression is made
difficult by the lack of appropriate in vitro and in vivo models. High prevalence of prostatic intra-
epithelial neoplasia and latent prostatic carcinoma, representing multiple stepsin carcinogenesis to
Invasive carcinoma, are relevant targets for cancer prevention. From the RWPE-1, immortalized, non-
tumorigenic, human prostate epithelial cell line, we have derived four tumorigenic cell lineswith
progressive malignant characteristics. METHODS: Cell lines were derived by exposure of RWPE-1 to
N-methyl-N-nitrosourea (MNU), selected and cloned in vivo and in vitro, and characterized by prostatic
epithelial and differentiation markers, karyotype analysis, anchorage-independent growth, invasiveness,
tumorigenicity, and pathology of the derived tumors. RESULTS:. Cytokeratins 8 and 18, androgen
receptor, and prostate-specific antigen expression in response to androgen, confirm prostatic epithelial
origin. RWPE-1 cells do not grow in agar and are not tumorigenic in mice, but the growth,
tumorigenicity, and tumor pathology of the MNU cell lines correlate with their invasive ability. The
WPE1-NA22 (least malignant) form small, well-differentiated, and WPE1-NB26 cells (most malignant)
form large, poorly differentiated, invasive tumors. Overall, loss of heterozygosity for chromosomes 7q,
130, 18q, and 22, and gain of 5, 9q, 119, and 20, was observed. The MNU cell lines, in order of
increasing malignancy are; WPE1-NA22, WPE1-NB14, WPE1-NB11, and WPE1-NB26.
CONCLUSIONS: Thisfamily of cell lines with acommon lineage represents a unigque and relevant

model which mimics stagesin prostatic intra-epithelial neoplasia (PIN) and progression to invasive
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cancer, and can be used to study carcinogenesis, progression, intervention, and chemoprevention.

Wiese FW, Thompson PA, Kadlubar FF. Car cinogen substr ate specificity of human COX-1 and
COX-2. Carcinogenesis 2001;22(1):5-10.

Abstract: The activation of carcinogenic aromatic and heterocyclic amines and benzo[ a]pyrene-7,8-diol
to intracellular electrophiles by prostaglandin H synthase (COX) iswell documented for ovine sources
of this enzyme. Here, the arachidonic acid-dependent activation of substrates by human (h)COX-1 and-2
Is examined, utilizing recombinant enzymes. The COX-dependent activation of benzidine (BZ), 4-
aminobiphenyl, (+)benzo| alpyrene-7,8-diol, (+)benzo[a] pyrene-7,8-diol, 2-amino-3,8-dimethylimidazo
[4,5-f]quinoxaline (Mel Qx), 2-amino-3-methylimidazo [4,5-f]quinoline (1Q), 2-amino-1-methyl-6-
phenylimidazo [4,5-b] pyridine (PhIP), and 4,4'-methylenebis(2-chloroaniline) (MOCA) is assessed by
means of COX-catalyzed, covalent DNA binding. The hCOX isozymes activated all substrates tested,
activation varied from barely detectable for 1Q (0.76 and 1.52 pmol bound/mg DNA for COX-1 and -2,
respectively) to a high of 65 and 117 pmol bound/mg DNA for COX-1 and -2, respectively, for the
activation of MOCA.. BZ, which is an excellent peroxidase substrate, did not exhibit high DNA binding
levels in hCOX assays and this phenomenon was found to be due to high levels of binding to protein,
which effectively competed with the DNA for binding in the assay. The demonstrated ability of the
COX enzymesto activate a variety of environmental and dietary carcinogens indicates a potential role
for COX in the activation pathway of aromatic and heterocyclic amines and polycyclic hydrocarbons at
extra-hepatic sites during early or late stages of carcinogenesis.

Ashby J. Expectations for transgenic rodent cancer bioassay models. Toxicol Pathol 2001;29
Suppl:177-82.

Abstract: The results of the present study have advanced dramatically the database on transgenic mouse
abbreviated carcinogenicity bioassay models. As such, it will provide a secure foundation for future
evaluations of these assays and for their eventual validation as models for the prediction of possible
human carcinogens. Based upon the results derived from the present study, it is suggested that 5 areas
require discussion as a prelude to the further evaluation of existing models and the future evaluation of
new models. First, there is the need to agree a standard list of calibration chemicals to be studied and to
derive agreement on optimal bioassay group sizes, statistical methods, and exposure periods. Second,
general agreement must be reached regarding the classes/types of known rodent carcinogens so that it is
acceptable for the new modelsto find negative, by implication, those rodent carcinogens considered not
to pose a carcinogenic hazard to humans. Third, current understanding of mechanisms of carcinogenesis
should be integrated into the evaluation of new bioassay models. Fourth, any changes made to the
standard rodent carcinogenicity bioassay protocol will require compromises being made, and these
should be commonly owned between interested partiesin order to reduce the number of regional/agency-
specific carcinogenicity testing schemes. Fifth, a mechanism needs to be developed by which assays can
be adopted or rgjected for use in the routine bioassay of chemicals. In the absence of such initiatives the
increasing number of new bioassay models will come to exist along side of the standard 2-species
bioassay, and this may potentially lead to confusion regarding the true future role of these assays.

Bahler D, Stone B, Wellington C, Bristol DW. Symbolic, neural, and Bayesian machine learning
models forgpredicting car cinogenicity of chemical compounds. J Chem Inf Comput Sci 2000;40



(4):906-14.

Abstract: Experimental programs have been underway for several years to determine the environmental
effects of chemical compounds, mixtures, and the like. Among these programs is the National
Toxicology Program (NTP) on rodent carcinogenicity. Because these experiments are costly and time-
consuming, the rate at which test Articles (i.e., chemicals) can be tested islimited. The ability to predict
the outcome of the analysis at various points in the process would facilitate informed decisions about the
allocation of testing resources. To assist human experts in organizing an empirical testing regime, and to
try to shed light on mechanisms of toxicity, we constructed toxicity models using various machine
learning and data mining methods, both existing and those of our own devising. These models took the
form of decision trees, rule sets, neural networks, rules extracted from trained neural networks, and
Bayesian classifiers. Asatraining set, we used recent results from rodent carcinogenicity bioassays
conducted by the NTP on 226 test Articles. We performed 10-way cross-validation on each of our
models to approximate their expected error rates on unseen data. The data set consists of physical-
chemical parameters of test Articles, alerting chemical substructures, salmonella mutagenicity assay
results, subchronic histopathology data, and information on route, strain, and sex/species for 744
individual experiments. These results contribute to the ongoing process of evaluating and interpreting
the data collected from chemical toxicity studies.

Bannasch P, Nehrbass D, Kopp-Schneider A. Significance of hepatic preneoplasia for cancer
chemoprevention. IARC Sci Publ 2001;154:223-40.

Abstract: Hepatic preneoplasia represents an early stage in neoplastic development, preceding both
benign and malignant neoplasia. This applies parcticularly to foci of atered hepatocytes (FAH), that
precede the manifestation of hepatocellular adenomas and carcinomasin all species investigated.
Morphological, microbiochemical and molecular biological approachesin situ have provided evidence
for striking similarities in specific changes of the cellular phenotype of preneoplastic FAH emerging in
experimental and human hepatocarcinogenesis, irrespective of whether this was elicited by chemicals,
hormones, radiation, viruses or, in animal models, by transgenic oncogenes or Helicobacter hepaticus.
Different types of FAH have been distinguished and related to three main preneoplastic hepatocel lular
lineages:. (1) the glycogenotic-basophilic cell lineage, (2) its xenomorphic-tigroid cell variant, and (3)
the amphophilic-basophilic cell lineage. The predominant glycogenotic-basophilic and tigroid cell
lineages develop especially after exposure to DNA-reactive chemicals, radiation, hepadnaviridae,
transgenic oncogenes and local hyperinsulinism, their phenotype indicating initiation by insulin or
insulinomimetic effects of the oncogenic agents. In contrast, the amphophilic cell lineage of
hepatocarcinogenesis has been observed mainly after exposure of rodents to peroxisome proliferators
that are not directly DNA-reactive or to hepadnaviridae, the biochemical pattern mimicking an effect of
thyroid hormone, including mitochondrial proliferation and activation of mitochondrial enzymes.
Hepatic preneoplastic lesions are increasingly used as end-points in carcinogenicity testing, parcticularly
in medium-term carcinogenesis bioassays. This has been complemented more recently by the use of
FAH asindicators of chemoprevention, although possible pitfalls of this approach have to be considered
carefully. Our ever-increasing knowledge on the metabolic and molecular changes that characterize
preneoplastic lesions and their progression to neoplasia provides a new basis for rational approachesto
chemoprevention by drugs, hormones or components of the diet.
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Brooks N, McHugh PJ, Lee M, Hartley JA. Alteration in the choice of DNA repair pathway with
increasing sequence selective DNA alkylation in the minor groove. Chem Biol 2000;7(9):659-68.
Abstract: BACKGROUND: Many conventional DNA alkylating anticancer drugs form adducts in the
major groove of DNA. These are known to be chiefly repaired by both nucleotide (NER) and base
(BER) excision repair in eukaryotic cells. Much lessis known about the repair pathways acting on
sequence specific minor groove purine adducts, which result from a promising new class of anti-tumour
agents. RESULTS: Benzoic acid mustards (BAMs) tethering 1-3 pyrrole units (compounds 1, 2 and 3)
show increasing DNA sequence selectivity for alkylation from BAM and 1, alkylating primarily at
guanine-N7 in the major groove, to 3 which is selective for alkylation in the minor groove at purine-N3
in the sequence 5'-TTTTGPu (Pu=guanine or adenine). This increasing sequence selectivity is reflected
in increased toxicity in human cells. In the yeast Saccharomyces cerevisiae, the repair of untargeted
DNA adducts produced by BAM, 1 and 2 depends upon both the NER and BER pathways. In contrast,
the repair of the sequence specific minor groove adducts of 3 does not involve known BER or NER
activities. In addition, neither recombination nor mismatch repair are involved. Two disruptants from the
RADG6 mutagenesis defective epistasis group (rad6 and rad18), however, showed increased sensitivity to
3. In parcticular, the rad18 mutant was over three orders of magnitude more sensitive to 3 compared to
itsisogenic parent, and 3 was highly mutagenic in the absence of RAD18. Elimination of the sequence
specific DNA adducts formed by 3 was observed in the wild type strain, but these lesions persisted in the
rad18 mutant. CONCLUSIONS: We have demonstrated that the repair of DNA adducts produced by the
highly sequence specific minor groove alkylating agent 3 involves an error free adduct elimination
pathway dependent on the Rad18 protein. This represents the first systematic analysis of the cellular
pathways which modulate sensitivity to this new class of DNA sequence specific drugs, and indicates
that the enhanced cytotoxicity of certain sequence specific minor groove adducts in DNA is the result of
evasion of the common excision repair pathways.

Bucher JR. Dosesin rodent cancer studies. sorting fact from fiction. Drug Metab Rev 2000;32
(2):153-63.

Abstract: The belief that rodent cancer bioassays predict for human cancers is afundamental public
health precept based on sound biological principles. Nonetheless, it is appropriate to periodically debate
this point as scientific understanding of cancer causation advances. This presentation addresses one of
the many factors that determines the predictive value of rodent tumor bioassay results for human health.
Thisisthe issue of dose. Examination of several recent National Toxicology Program (NTP) studies
demonstrates that the applied dose often far overestimates the actual effective dose, or maximum blood
concentration attained in arodent, when compared with similar relationships in humans. Further
examination of the NTP database on rodent toxicity and carcinogenicity studies revealed summary
information on factors that were pivotal in prechronic studies for selecting doses for chronic studies.
Contrary to popular belief, target organ toxicity was a determining factor in only about half of the
studies. The typically minimal nature of the lesions which limit doses for chronic studies is described for
several common target sites. Taken together, these facts paint afar different picture than the common
public perception of the "massive" doses used in chronic rodent studies and suggest that, in some cases,
dose limitations are actually so severe asto limit the sensitivity of a chronic bioassay to detect a
carcinogenic effect.
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de Boer JG. Protection by dietary compounds against mutation in atransgenic rodent. J Nutr
2001;131(11):3082S-6S.

Abstract: One of the most relevant biomarkers of genotoxicity and, potentially, carcinogenesisisthe
occurrence of mutations. Data indicate that carcinogens are highly specific with regard to their target
tissue in inducing both tumors and mutations. This specificity may reflect the dependence on tissue-
specific metabolic activation, the organ-specific environment or both. Ideally, therefore, mutation should
be determined in area animal rather than in acell culture system. The lacl transgenic rodent model
provides such a system. We have used thismodel to investigate tissue, species and sex specificity of
mutation induced by selected dietary carcinogens and to examine how some compounds may alter the
induction of mutation. We have studied mutation using several chemicals, including the dietary
heterocyclic amine 2-amino-1-methyl-6-phenylimidazo[4,5-b] pyridine (PhlP), the environmentally
important aromatic hydrocarbon benzo[a]pyrene and the food contaminant aflatoxin B(1). We have
shown that the mutagenic potency of these chemicals can be modulated by other dietary compounds,
including green tea and conjugated linoleic acid, and the dioxin 2,3,7,8-tetrachl orodibenzo[ b,e][1,4]
dioxin (TCDD). These results demonstrate that the lacl transgenic rodent is a useful model for the study
of chemoprevention in vivo.

Di Tomaso E, Pang JC, Lam HK, Tian XX, Suen KW, Hui AB, Hjelm NM. Establishment and
characterization of a human cell line from paediatric cerebellar glioblastoma multiforme.
Neuropathol Appl Neurobiol 2000;26(1):22-30.

Abstract: Permanent glioma cell lines are invaluable tools in understanding the biology of glioblastomas.
The present study reports the establishment of a clonal human cell line, GBM 6840, derived from a
biopsy of paediatric cerebellar glioblastoma multiforme. GBM 6840 had a doubling time of 32 h and
grew as amonolayer of large round cells that retained immunopositivity for glial fibrillary acidic protein
and vimentin. Karyotypic analysis revealed amodal chromosome number of 68 and polysomies of
chromosomes 3, 5 and 20, as well as the presence of 3-4 marker chromosomes. GBM 6840 also showed
anchorage-independent growth in soft agar and tumour formation in nude mice. The p16(CDKN2A)
gene was transcriptionally silenced by hypermethylation, consistent with the lack of protein expression
observed in the original tumour and cultured cells. Western blot analysis revealed normal protein
expression of pRb and CDKA4. It appears that p16 is the major component altered in the cell cycle
pathway and may confer these cells unrestrained proliferation potential. Neither EGFR gene
amplification nor over-expression of the protein was detected in the cultured cells. Over-expression of
the p53 protein was observed in the mgority of cells, despite undetectable mutation (exons 5-8) in the
gene. One allele of the PTEN gene was found to be mutated during in vitro cultivation. Telomerase
activity was demonstrated in the cultured cells but not in the original tumour, supporting the hypothesis
that telomerase is required for the in vitro immortalization process.

Dunson DB, Haseman JK, van Birgelen AP, Stasiewicz S, Tennant RW. Statistical analysis of skin
tumor data from Tg.AC mouse bioassays. Toxicol Sci 2000;55(2):293-302.

Abstract: New strategies for identifying chemical carcinogens and assessing risk have been proposed
based on the Tg.AC (zetaglobin promoted v-Ha-ras) transgenic mouse. Preliminary studies suggest that
the Tg. AC mouse bioassay may be an effective means of quickly evaluating the carcinogenic potential
of atest agent. The skin of the Tg.AC mouse is genetically initiated, and the induction of epidermal



papillomas in response to dermal or oral exposure to a chemical agent acts as a reporter phenotype of the
activity of the test chemical. In Tg.AC mouse bioassays, the test agent is typically applied topically for
up to 26 weeks, and the number of papillomas in the treated area is counted weekly. Statistical analyses
are complicated by within-animal and serial dependency in the papilloma counts, survival differences
between animals, and missing data. In this paper, we describe a statistical model for the analysis of skin
tumor data from a Tg.AC mouse bioassay. The model separates effects on papillomalatency and
multiplicity and accommodates important features of the data, including variability in expression of the
transgene and dependency in the tumor counts. Methods are described for carcinogenicity testing and
risk assessment. We illustrate our approach using data from a study of the effect of 2,3,7, 8-
tetrachlorodibenzo-p-dioxin (TCDD) exposure on tumorigenesis.

Eastin WC, Mennear JH, Tennant RW, Stoll RE, Branstetter DG, Bucher JR, McCullough B, Binder
RL, Spalding W, Mahler JF. Tg.AC genetically altered mouse: assay working group overview of
available data. Toxicol Pathol 2001;29 Suppl:60-80.

Abstract: In a Government/Industry/A cademic partnership to evaluate alternative approaches to
carcinogenicity testing, 21 pharmaceutical agents representing avariety of chemical and

pharmacol ogical classes and possessing known human and or rodent carcinogenic potential were
selected for study in several rodent models. The studies from this partnership project, coordinated by the
International Life Sciences Institute, provide additional data to better understand the models' limitations
and sengitivity in identifying carcinogens. The results of these alternative model studies were reviewed
by members of Assay Working Groups (AWG) composed of scientists from government and industry
with expertise in toxicology, genetics, statistics, and pathology. The Tg.AC genetically manipul ated
mouse was one of the models selected for this project based on previous studies indicating that Tg.AC
mice seem to respond to topical application of either mutagenic or nonmutagenic carcinogens with
papillomaformation at the site of application. This communication describes the results and AWG
interpretations of studies conducted on 14 chemicals administered by the topical and oral (gavage and/or
diet) routesto Tg.AC genetically manipulated mice. Cyclosporin A, an immunosuppresant human
carcinogen, ethinyl estradiol and diethylstilbestrol (human hormone carcinogens) and clofibrate, an
hepatocarcinogenic peroxisome proliferator in rodents, were considered clearly positive in the topical
studies. In the oral studies, ethinyl estradiol and diethylstilbestrol were negative, cyclosporin was
considered equivocal, and results were not available for the clofibrate study. Of the 3 genotoxic human
carcinogens (phenacetin, melphalan, and cyclophosphamide), phenacetin was negative by both the
topical and oral routes. Melphalan and cyclophosphamide are, respectively, direct and indirect DNA
alkylating agents and topical administration of both caused equivocal responses. With the exception of
clofibrate, Tg.AC mice did not exhibit tumor responses to the rodent carcinogens that were putative
human noncarcinogens, (di(2-ethylhexyl) phthalate, methapyraline HCI, phenobarbital Na, reserpine,
sulfamethoxazole or WY -14643, or the nongenotoxic, noncarcinogen, sulfisoxazole) regardless of route
of administration. Based on the observed responses in these studies, it was concluded by the AWG that
the Tg.AC model was not overly sensitive and possesses utility as an adjunct to the battery of toxicity
studies used to establish human carcinogenic risk.

French JE, Lacks GD, Trempus C, Dunnick JK, Foley J, Mahler J, Tice RR, Tennant RW. L oss of
heter ozygasity frequency at the TrpS3 locusin pS3-deficient (+/-) mouse tumorsis car cinogen-and



tissue-dependent. Carcinogenesis 2001;22(1):99-106.

Abstract: Mutagenic carcinogens rapidly induced tumors in the p53 haploinsufficient mouse.
Heterozygous p53-deficient (+/-) mice were exposed to different mutagenic carcinogens to determine
whether p53 loss of heterozygosity (LOH) was carcinogen-and tissue-dependent. For 26 weeks,
C57BL/6 (N5) p53-deficient (+/-) male or female mice were exposed to p-cresidine, benzene or
phenolphthalein. Tumors were examined first for loss of the wild-type p53 allele. p-cresidine induced
p53 LOH in three of 13 bladder tumors, whereas hepatocel lular tumors showed p53 LOH in carcinomas
(2/2), but not in adenomas (0/3). Benzene induced p53 LOH in 13 of 16 tumors examined. Finally,
phenolphthalein induced p53 LOH in al tumors analyzed (21/21). Analysis of the p-cresidine-induced
bladder tumors by cold single-strand conformation polymorphism (SSCP) analysis of exon 4-9
amplicons failed to demonstrate polymorphisms associated with mutations in tumors that retained the
p53 wild-type alele. p-cresidine induced a dose-related increase in lacl mutationsin bladder DNA. In
summary, these data demonstrate that loss of the wild-type allele occurred frequently in thymic
lymphomas and sarcomas, but less frequently in carcinomas of the urinary bladder. In the bladder
carcinomas other mechanisms may be operational. These might include (i) other mechanisms of p53
Inactivation, (ii) inactivating mutations occurring outside exons 4-9 or (iii) p53 haploinsufficiency
creating a condition that favors other critical genetic events which drive bladder carcinogenesis, as
evidenced by the significant decrease in tumor latency. Understanding the mechanisms of p53 LOH and
chemical carcinogenesisin this genetically altered model could lead to better models for prospective
identification and understanding of potential human carcinogens and the role of the p53 tumor
suppressor gene in different pathways of chemical carcinogenesis.

French JL, Williams PL. Char acterizing dose-response relationshipsin multiple cancer bioassays.
Risk Anal 2001;21(1):91-102.

Abstract: In the evaluation of chemical compounds for carcinogenic risk, regulatory agencies such as the
U.S. Environmental Protection Agency and National Toxicology Program (NTP) have traditionally fit a
dose-response model to data from rodent bioassays, and then used the fitted model to estimate a
Virtually Safe Dose or the dose corresponding to avery small increase (usually 10(-6)) in risk over
background. Much recent interest has been directed at incorporating additional scientific information
regarding the properties of the specific chemical under investigation into the risk assessment process,
including biological mechanisms of cancer induction, metabolic pathways, and chemical structure and
activity. Despite the fact that regulatory agencies are currently poised to allow use of nonlinear dose-
response models based on the concept of an underlying threshold for nongenotoxic chemicals, there
have been few attempts to investigate the overall relationship between the shape of dose-response curves
and mutagenicity. Using data from an historical database of NTP cancer bioassays, the authors
conducted a repeated-measures Analysis of the estimated shape from fitting extended Weibull dose-
response curves. It was concluded that genotoxic chemicals have dose-response curves that are closer to
linear than those for nongenotoxic chemicals, though on average, both types of compounds have dose-
response curves that are convex and the effect of genotoxicity is small.

Goodman JI. A perspective on current and future uses of alternative modelsfor carcinogenicity
testing. Toxicol Pathol 2001;29 Suppl:173-6.
Abstract: This perspective is based upon the data presented at the Internationa Life Sciences Institute



(ILSI), Health and Environmental Sciences Institute Workshop on the Evaluation of Alternative
Methods for Carcinogenicity Testing (ILSI Workshop). It isimportant to understand that all models
discussed at the Workshop have limitations and that they are not designed to be employed as stand-alone
assays. Although they may have other, appropriate applications. | do not recommend use of the SHE cell
assay and the Tg.AC model for the regulatory purposes of a safety assessment. In my view, the neonatal
mouse, p53+/-, XPA-/-, XPA-/- and p53+/-, and the rasH2 models can, as a component of an overall
assessment, provide information on potential carcinogenicity of achemical that is appropriate for
consideration in aregulatory context. Generally, these models exhibit the ability to detect genotoxic
compounds. In most cases these compounds would be detected in a standard battery of genotoxicity tests
and, therefore, quite often the use of an alternative is not necessary. Actually, | believe that abioassay in
rats will suffice most of the time, that is, in my view, aroutine bioassay in mice is not necessary.
Specific circumstances where data obtained from one of the "recommended"” alternative models might
be helpful are discussed. With regard to lessons for the future, there is a parcticular need for models that
are responsive to chemicals that exhibit a nongenotoxic mode of action. Additionally, new models will
continue to be developed and their half-life will likely be substantially shorter than the time required for
traditional validation. The development of enhanced paradigms for validation should be a priority so that
improved safety assessment decisions can be made more quickly. However, while evaluating and
validating such models, it isimportant to consider the fundamental issues, for example, rational dose
selection, evaluation of mode of action in the context of dose-response relationships including the
existence of thresholds and secondary mechanisms, and species-to-species extrapolation. The
alternatives to carcinogenicity testing project was a very maor undertaking. In addition to the valuable
information provided, it servesto illustrate the value of cooperation between academia, government, and
industry. Furthermore, the involvement of the International Life Sciences Institute as the overall
organizing, facilitating umbrellawas crucia for the success of the project.

Gulezian D, Jacobson-Ram D, McCullough CB, Olson H, Recio L, Robinson D, Storer R, Tennant R,
Ward JM, Neumann DA. Use of transgenic animalsfor car cinogenicity testing: consider ations and
implicationsfor risk assessment. Toxicol Pathol 2000;28(3):482-99.

Abstract: Advances in genetic engineering have created opportunities for improved understanding of the
molecular basis of carcinogenesis. Through selective introduction, activation, and inactivation of
specific genes, investigators can produce mice of unigue genotypes and phenotypes that afford insights
into the events and mechanisms responsible for tumor formation. It has been suggested that such animals
might be used for routine testing of chemicals to determine their carcinogenic potential because the
animals may be mechanistically relevant for understanding and predicting the human response to
exposure to the chemical being tested. Before transgenic and knockout mice can be used as an adjunct or
aternative to the conventional 2-year rodent bioassay, information related to the animal line to be used,
study design, and data analysis and interpretation must be carefully considered. Here, we identify and
review such information relative to Tg.AC and rasH2 transgenic mice and p53+/- and X PA-/- knockout
mice, all of which have been proposed for use in chemical carcinogenicity testing. In addition, the
implications of findings of tumors in transgenic and knockout animals when exposed to chemicalsis
discussed in the context of human health risk assessment.

Hartwig A, Kasper P, Madle S, Speit G, Staedtler F, Sengstag C. The potential use of mutation



spectrain cancer related genesin genetic toxicology: a statement of a GUM working group. Mutat
Res 2001;473(2):263-7.

Abstract: In recent years, there has been widespread interest in the relationship between carcinogenic
exposure and mutation spectrain cancer-related genes. To evaluate potential benefits and/or limitations
in the use of mutation spectrain genetic toxicology, a GUM working group has been established to
discuss this subject. Based on methodological possibilities and limitations, the impact of mutation
spectrain the interpretation of animal experiments and in the identification of etiological agentsin
human cancer has been considered. With respect to experimental animals, the analyses of mutation
spectrawithin long-term rodent carcinogenicity studies may provide some additional information on the
mode of action of the respective carcinogen, however, the interpretation of results should be done
carefully and only in context with other toxicological data available. Regarding human exposure, the
analysis of mutation spectrain p53 or ras genes supplies information on the genotoxic properties of the
respective agent. Nevertheless, on the individual level, the presence or absence of defined mutationsin
cancer-related genes in human tumors does not permit a definite conclusion about the causative agent.

Haseman J, Melnick R, Tomatis L, Huff J. Carcinogenesis bioassays. study duration and biological
relevance. Food Chem Toxicol 2001;39(7):739-44.

Abstract: Criticisms of the scientific value of rodent carcinogenicity bioassays have focused on the
arguments that the studies are too long and that most organ-specific carcinogenic effects observed in
experimental animals have little or no relevance to humans. For example, Davieset a. (Davies, T.S,,
Lynch, B.S., Monro, A.M., Munro, I.C., Nestmann, E.R., 2000. Rodent carcinogenicity tests need be no
longer than 18 months: an analysis based on 210 chemicalsin the IARC Monographs. Food and
Chemical Toxicology 38, 219-235) concluded that the duration of rodent bioassays should be no more
than 18 months, based on their analysis of 210 International Agency for Research on Cancer (IARC)
rodent carcinogens in which they report that most chemicals showed "tumorigenic effects” at or before
12 months. However, many of these "tumorigenic effects" reflect the occurrence of a single neoplasm,
with most tumors occurring much later in the study. Reliance on a single tumor at an early time point as
providing definitive evidence of rodent carcinogenicity is a dangerous practice that could produce both
false positive and false negative outcomes. An extensive evaluation of the NTP database reveals that
many rodent carcinogens produce later-appearing tumors that would not be detected as statistically
significant in a 12-18 month study. Such a shortened duration study would be roughly equivalent to
evaluating human cancer in subjects 30-50 years of age, which would result in markedly reduced study
sensitivity. In fact, many investigators recommend extending the duration of rodent studies to 30 months
or to atrue lifetime to increase study sensitivity. We also do not agree with the second conclusion of
Davies et a. (2000) that the mode of action of rodent carcinogenesisis sufficiently well understood to
justify discounting the magjority of organ-specific carcinogenic effects found in these studies. The
consequences of performing rodent carcinogenicity studies with inadequate sensitivity, and then
discounting most of the carcinogenic effects that are observed will be that potential human carcinogens
will not be detected, thus forcing near total reliance on human studies for this purpose. Thisis not
prudent public health policy.

Hofmanova J, Machala M, Kozubik A. Epigenetic mechanisms of the car cinogenic effects of
xenobioticgand in vitro methods of their detection. FoliaBiol (Praha) 2000;46(5):165-73.



Abstract: Carcinogenesisis associated with various epigenetic mechanisms, which can alter intra- and
intercellular communication and gene expression and thus affect cytokinetics, i.e. regulation of cell
proliferation, differentiation, and apoptosis. These processes lead to aloss of homeostatic control. In
addition to "classical" epigenetic events such as DNA methylation and histone acetylation, the magjor
mechanisms include changes in concentrations of signal molecules (hormones, growth factors, fatty
acids, etc.), modulation of cell receptors and drug-, hormone- and fatty acid-metabolizing enzymes,
oxidative stress, and interference with intracellular signal transduction pathways. Multidisciplinary and
multibiomarker approach is necessary for setting up a battery of specific biochemical, molecular, and
cellular in vitro methods detecting the epigenetic carcinogenic potential of individual chemicals or their
environmental mixtures. This approach is based on studies of modes of action of xenobiotics at various
levels, including the molecular mechanisms and modulations of cytokinetics, each of them having its
specific predictive value.

Ito N, Imaida K, Asamoto M, Shirai T. Early detection of carcinogenic substances and modifiersin
rats. Mutat Res 2000;462(2-3):209-17.

Abstract: Over the past 20 years, we have been developing in vivo medium-term bioassay systemsin
rats for detecting carcinogenic and modifying effects of test compounds. The systems are based on the
two-step hypothesis of carcinogenesis. In aliver model, male F344 rats are initially given asingle dose
of diethylnitrosamine (DEN, 200 mg/kg, i.p.) and starting 2 weeks later are treated with test compounds
for 6 weeks and then killed, al rats being subjected to two-thirds partial hepatectomy at week 3.
Carcinogenic potential is scored by comparing the numbers and areas per cm(2) of induced glutathione
S-transferase placental form (GST-P) positive foci in the livers of groups of about 15 rats with those of
corresponding control groups given DEN aone. A positive response is defined as a significant increase
in the quantitative values of GST-P-positive foci, such a negative response as no change or a decrease.
The results obtained have been compared with reported Salmonella/microsome and long-term
carcinogenicity test findings for the same compounds. Of the liver carcinogens, 30 out of 31 (97%)
mutagenic and 29 out of 33 (88%) non-mutagenic compounds gave positive results. Carcinogens other
than hepatocarcinogens gave alower proportion of positive results (9 out of 42, 21%). This bioassay
also provides information concerning inhibitory potential. The practical utility and benefits of a multi-
organ medium-term experimental protocol for early detection of carcinogenic agents and modifiers
acting at sites other than the liver are also discussed.

Johnson FM. The" rodent carcinogen” dilemma: for midable challenge for the technologies of the
new millennium. Ann N 'Y Acad Sci 2000;919:288-99.

Kazianis S, Gimenez-Conti |, Setlow RB, Woodhead AD, Harshbarger JC, Trono D, Ledesma M, Nairn
RS, Walter RB. MNU induction of neoplasiain a platyfish model. Lab Invest 2001;81(9):1191-8.
Abstract: Interspecific hybrid crosses between members of the fish genus Xiphophorus have been used
for over 70 years to study the genetic aspects of melanoma formation. In the well-established " Gordon-
Kosswig" cross, the platyfish X. maculatus is outcrossed to the swordtail X. helleri, and the resulting
backcross segregants spontaneously develop melanoma. We recently produced a distinct cross between
X. maculatus and another platyfish species, X. couchianus. X. maculatus strain Jp 163 A is homozygous
for several & -linked pigment pattern genes, including the Spotted dorsal (Sd), Dorsal red (Dr), and Anal



fin spot (Af). Af isasex-limited trait, coding exclusively for melanophores distributed on the modified
anal fin or "gonopodium" in the adult male fish. Within F1 and BC1 hybrids (to X. couchianus), the Sd
pigment pattern is phenotypically suppressed, whereas Dr and Af are enhanced. We exposed BC1
hybrids to the direct-acting carcinogen N-methyl-N-nitrosourea (MNU). Treatment led to the
development of schwannomas, fibrosarcomas, and retinoblastomas. In addition, numerous MNU-treated
males that inherited Af developed a pronounced melanotic phenotype, with melanin-containing cells
oftentimes totally covering the gonopodium and extending further to grow within the ventral regions of
the fish. Genetic linkage analysis of the BC1 hybrids revealed a significant (p < 0.01) association
between CDKN2X genotype and the phenotypic degree of melanization. Such an association is
consistent with alocus within linkage group V playing arole in the development of melanosis and
delineates three genetic preconditions and a carcinogenic scheme resulting in melanosis of the ventral
regions of hybrid fish. The overall study further aludesto the potential of using Xiphophorus fish to
study carcinogenic mechanisms for tumors other than melanoma (schwannoma, fibrosarcoma, and
retinoblastoma) and should enable extensive pathol ogic and molecular genetic studies of derived
neoplastic abnormalities.

Kowalski LA. In vitro carcinogenicity testing: present and futur e per spectivesin pharmaceutical
development. Curr Opin Drug Discov Devel 2001;4(1):29-35.

Abstract: Almost all new drugs must be tested for carcinogenicity at some point during their
development, and ultimately, alifetime in vivo assay, usually in rodents, must be performed. Many in
vitro assays of carcinogenicity have been developed for use before short- or long-term in vivo testing in
order to remove from the devel opment stream those drugs that are likely to produce tumorsin vivo. This
review discusses in vitro assays that are required by the International Conference on Harmonization,
followed by adiscussion of in vitro carcinogenicity assays, which are currently in use, but are not
specifically required. The concluding section is devoted to a discussion of high-throughput compatible
carcinogenicity screens and potential human cell-based high-throughput compatible screens with
reference to future methods in silico.

Kowalski LA, Laitinen AM, Mortazavi-Asl B, Wee RK, Erb HE, Assi KP, Madden Z. In vitro

deter mination of car cinogenicity of sixty-four compounds using a bovine papillomavirus DNA-
carrying C3H/10T(1/2) cell line. Environ Mol Mutagen 2000;35(4):300-11.

Abstract: A new in vitro test for predicting rodent carcinogenicity is evaluated against a testing database
of 64 chemicalsincluding both genotoxic and nongenotoxic carcinogens and carcinogens that normally
require addition of an S-9 microsomal fraction for detection in the bacterial mutagenicity assay. The
assay uses focus formation in a stable, bovine papillomavirus type 1 (BPV-1) DNA carrying C3H/10T
(1/2) mouse embryo fibroblast cell line (T1) that does not require transfection, infection with virus,
isolation of primary cells from animals, or addition of a microsomal fraction. Of atotal database of 64
compounds, 92% of the carcinogens, promoters, or noncarcinogens were correctly predicted. Based on
previously reported results, the test of bacterial mutagenicity would have correctly predicted 58% of
carcinogens, promoters or noncarcinogens and the Syrian hamster embryo test would have correctly
predicted 87% of carcinogens, promoters, or noncarcinogens of this database. Of carcinogens that
normally require addition of an S-9 fraction, T1 cells correctly predicted rodent carcinogenicity of
polyaromatj¢ hydrocarbons, aflatoxins, azo-compounds, nitrosamines, and hydrazine without the



addition of an S-9 fraction. Of nongenotoxic carcinogens, T1 cells correctly predicted diethylstilbestroel,
diethylhexylphthal ate, acetamides, alkyl halides, ethyl carbamate, and phorbol ester tumour promoters.

Kreklau EL, Limp-Foster M, Liu N, Xu Y, Kelley MR, Erickson LC. A novel fluorometric
oligonucleotide assay to measur e O( 6)-methylguanine DNA methyltransfer ase, methylpurine
DNA glycosylase, 8-oxoguanine DNA glycosylase and abasic endonuclease activities: DNA repair
statusin human breast car cinoma cells over expressing methylpurine DNA glycosylase. Nucleic
Acids Res 2001;29(12):2558-66.

Abstract: DNA repair status plays amajor role in mutagenesis, carcinogenesis and resistance to
genotoxic agents. Because DNA repair processes involve multiple enzymatic steps, understanding
cellular DNA repair status has required several assay procedures. We have developed anovel in vitro
assay that allows quantitative measurement of alkylation repair via O(6)-methylguanine DNA
methyltransferase (MGMT) and base excision repair (BER) involving methylpurine DNA glycosylase
(MPG), human 8-oxoguanine DNA glycosylase (hOGG1) and yeast and human abasic endonuclease
(APN1 and APE/ref-1, respectively) from asingle cell extract. This approach involves preparation of
cell extractsin acommon buffer in which all of the DNA repair proteins are active and the use of
fluorometrically labeled oligonucleotide substrates containing DNA lesions specific to each repair
protein. This method enables methylation and BER capacities to be determined rapidly from a small
amount of starting sample. In addition, the stability of the fluorometric oligonucleotides precludes the
substrate variability caused by continual radiolabeling. In this report this technique was applied to
human breast carcinoma MDA-MB231 cells overexpressing human MPG in order to assess whether up-
regulation of theinitial step in BER alters the activity of selected other BER (hOGG1 and APE/ref-1) or
direct reversal (MGMT) repair activities.

Krinke GJ, Kaufmann W, Mahrous AT, Schaetti P. M or phologic char acterization of spontaneous
nervous system tumor sin mice and rats. Toxicol Pathol 2000;28(1):178-92.

Abstract: Spontaneous rodent nervous system tumors, in comparison to those of man, are less well
differentiated. Among the central nervous system (CNS) tumors, the "embryonic” forms
(medulloblastoma, pineoblastoma) occur both in rodents and humans, whereas the human "adult” forms
(gliomas, ependymomas, meningiomas) have fewer counterparts in rodents. In general, the incidence of
spontaneous CNS tumorsis higher in rats (>1%) than in mice (>0.001%). A characteristic rat CNS
tumor isthe granular cell tumor. Usualy it is associated with the meninges, and most meningeal tumors
in rats seem to be totally or at least partly composed of granular cells, which have eosinophilic granular
cytoplasm, are periodic acid-Schiff reaction (PAS)-positive, and contain lysosomes. Such tumors are
frequently found on the cerebellar surface or at the brain basis. Rat astrocytomas are diffuse, frequently
multifocal, and they invade perivascular spaces and meninges. The neoplastic cells with round to oval
nuclel and indistinct cytoplasm grow around preexisting neurons, producing satellitosis. In large tumors,
there are necrotic areas surrounded by palisading cells. Extensive damage of brain tissue is associated
with the presence of scavenger cells that react positively with histiocytic/macrophage markers. The
neoplastic astrocytes do not stain positively for glial fibrillary acidic protein; they probably represent an
immature phenotype. In contrast to neoplastic oligodendroglia, they bind the lectin RCA-1.
Astrocytomas are frequently located in the brain stem, especially the basal ganglia. Rat oligodendroglia
tumors are yvell circumscribed and frequently grow in the walls of brain ventricles. Their cells have



water-clear cytoplasm and round, dark-staining nuclei. Atypical vascular endothelial proliferation
occurs, especialy at the tumor periphery. Occasionally in the oligodendrogliomas, primitive glial
elements with large nuclei occur in the form of cell groups that form rows and circles. Primitive
neuroectodermal tumors of rats, such as pineal tumors or medulloblastomas, appear to have features
similar to those found in man. In mice, the meningeal tumors are mostly devoid of granular cells and the
astrocytomas are similar to those occurring in rats, whereas spontaneous oligodendrogliomas are
observed extremely rarely. Tumorlike lesions, such as lipomatous hamartomas or epidermoid cysts, are
occasionally encountered in the mouse CNS. It is suggested that we classify rodent CNS lesions as "low
grade" and "high grade” rather than as "benign" and "malignant.” The size of CNS tumorsis generaly
related to their malignancy. Tumors of the peripheral nervous system are schwannomas and
neurofibromas or neurofibrosarcomas consisting of Schwann cells, fibroblasts, and perineural cells.
Well-differentiated schwannomas are characterized by S-100 positivity and the presence of basement
membrane. They show either Antoni A pattern with fusiform palisading cells or Antoni B pattern, which
Is sparsely cellular and has a clear matrix. The rat develops specific forms of schwannomasin the areas
of the submandibular salivary gland, the external ear, the orbit, and the endocardium. Spontaneous
ganglioneuromas occur in the rat adrenal medulla or thyroid gland. Compared to experimentally induced
neoplasms, the spontaneous tumors of the rodent nervous system are poor and impractical models of
human disease, although they may serve as general indicators of the carcinogenic potential of tested
chemicals.

Lersch RA, Fung J, Hsieh HB, Smida J, Weier HU. Monitoring signal transduction in cancer: from
chipsto fish. JHistochem Cytochem 2001;49(7):925-6.

Abstract: The microarray format of RNA transcript analysis should provide new clues to carcinogenic
processes. Because of the complex and heterogeneous nature of most tumor samples, histochemical
techniques, parcticularly RNA fluorescent in situ hybridization (FISH), are required to test the
predictions from microarray expression experiments. Here we describe our approach to verify new
microarray data by examining RNA expression levels of five to seven different transcriptsin avery few
cellsviaFISH. (J Histochem Cytochem 49:925-926, 2001).

Low-Baselli A, Hufnagl K, Parzefall W, Schulte-Hermann R, Grasl-Kraupp B. Initiated rat
hepatocytesin primary culture: anovel tool to study alterationsin growth control during thefirst
stage of carcinogenesis. Carcinogenesis 2000;21(1):79-86.

Abstract: To study growth regulation in the beginning of carcinogenesis, we established a novel ex vivo
model for co-cultivation of normal and putatively initiated hepatocytes. Rats received the genotoxic
hepatocarcinogen N-nitrosomorpholine (NNM). This led to the appearance of hepatocytes expressing
placental glutathione S-transferase (G(+) cells). These cells exhibited elevated rates of cell replication
and apoptosis, as known from further advanced preneoplasia; G(+) cells were considered initiated. At
days 20-22 post-NNM treatment their frequency was maximal (1-2%); approximately 40% were il
single and 60% were arranged in mini foci. At thistime-point liver cells were isolated by collagenase
perfusion and cultivated. G(+) cells, identified by immunostaining of the culture-plates, were present at
the same percentage as in vivo, excluding selective loss, enrichment or spontaneous expression of the G
(+) phenotype. In untreated cultures G(+) hepatocytes showed significantly higher rates of replicative
DNA synthesis than normal G(-) cells. Application of the hepatomitogen cyproterone acetate (CPA)



elevated DNA replication preferentially in G(+) cells. Transforming growth factor betal (TGF-betal)
suppressed replicative DNA synthesis which was more pronounced in G(+) than in G(-) hepatocytes.
Combined treatment with CPA and TGF-betal had no effect on G- cells, but considerably inhibited
DNA replication in G(+) cells. This suggests that the effects of TGF-betal predominated in G(+)
hepatocytes. We conclude that putatively initiated G(+) hepatocytes, both in vivo and in culture, exhibit
higher basal rates of DNA replication than normal G(-) hepatocytes and an over-response to mitogens
and growth inhibitors. Therefore, G(+) cells show (i) nearly identical behaviour inintact liver and in
primary culture and (ii) inherent defects in growth control that are principally similar although
somewhat |ess pronounced than in later stages of carcinogenesis. The present ex vivo system thus
provides a novel and useful tool to elucidate biological and molecular changes during initiation of
carcinogenesis.

Mancuso JY, Ahn H, Chen JJ. Order-restricted dose-related trend tests. Stat Med 2001;20(15):2305-
18.

Abstract: Methods of isotonic regression are proposed to increase the power of common trend testsin
situations where a monotonicity constraint isimposed upon the dose-response function. Isotonic
versions of Cochran-Armitage type trend tests for binary response data are devel oped, and the bootstrap
method is used in finding the empirical distributions of the test statistics and their critical values. The
isotonic likelihood ratio test with a survival adjustment is also proposed. This survival adjustment can be
applied to the likelihood ratio test for either the order-restricted or unrestricted parameter cases. To
achieve the isotonic modifications, an amalgamation agorithm is applied when the observed dose-
response is non-monotonic. A Monte Carlo simulation study comparing these trend tests shows the
advantages of the isotonic modifications and survival adjustment. By applying the proposed methods to
data from atoxicology and carcinogenesis study conducted as part of the National Toxicology Program,
the effect of Cl Pigment Red 23 isinvestigated. Copyright 2001 John Wiley & Sons, Ltd.

Maronpot RR, Mitsumori K, Mann P, Takaoka M, Yamamoto S, Usui T, Okamiya H, Nishikawa S,
NomuraT. Interlaboratory comparison of the CB6F1-Tg rasH2 rapid car cinogenicity testing
model. Toxicology 2000;146(2-3):149-59.

Abstract: Several genetically engineered mouse models are currently being examined for potential use in
cancer hazard identification. We have undertaken an interlaboratory comparison of the performance of
the CB6F1-Tg rasH2 transgenic mouse in cancer bioassays concurrently conducted in the United States
and Japan. Chemicals selected for study included known human carcinogens (melphalan and cyclosporin
A) and known rodent carcinogens (p-cresidine and vinyl carbamate) tested at carcinogenic doses, and
non-carcinogens (p-anisidine and resorcinol) tested at appropriate high doses. Because of abdominal
adhesions caused by the intraperitoneal dosing vehicle, mel phalan was excluded from the study results.
The remaining five studies showed similar results between the two laboratories conducting each study.
Vinyl carbamate gave the strongest positive response inducing lung adenomas and carcinomas and
splenic hemangiosarcomas. p-Cresidine was considered positive for urinary bladder transitional
neoplasia. Cyclosporin A, p-anisidine, and resorcinol were negative in all studies. Although only five
chemicals were successfully tested in thisinterlaboratory comparison, there was good concordancein
outcome for the strong carcinogens and for the non-carcinogens. Successful testing of chemicals with
less carcinggenic potential may require modificationsin study design to include more animals and



longer study duration.

McClain RM, Kéller D, Casciano D, Fu P, MacDonald J, Popp J, Sagartz J. Neonatal mouse mode!:
review of methods and results. Toxicol Pathol 2001;29 Suppl:128-37.

Abstract: The neonatal mouse model, in various forms, has been used experimentally since 1959 and a
large number of chemicals have been tested. The neonatal model is known to be very sensitive for the
detection of carcinogens that operate via a genotoxic mode of action. In contrast, it is known not to
respond to chemicals that act via epigenetic mechanisms, commonly observed in the two-year
carcinogenicity studies. As such, the model has a high sensitivity and specificity in its response. Dose
selection for the neonatal model is based on the maximum tolerated or feasible dose. Traditionally,
compounds have been tested viathe IP route of administration in this model. In some cases, this has
limited the amount of material that can be administered because of the low dosing volumes (10 to 20
microL) that can be administered IP. For the ILSI project, the neonatal model was adapted for oral
administration, which has the advantages of being the same route for which most pharmaceuticals are
administered. In addition, a 10-fold increase in the volume of administration (100 to 200 microL) and
the ability to dose drugs in suspension, permits much higher doses to be used as compared to the IP
route of administration. The spontaneous tumors in the neonatal model occurred mainly in the liver of
male mice and lung of male and female mice with afew tumors observed in the Harderian gland. The
positive control, DEN produced a robust, uniform, and reproducible tumor response with the target
organs essentially limited to liver and lung. A total of 13 compounds out of the 21 ILSI ACT compounds
were evaluated in the neonatal model involving 18 studies with duplicate studies for some compounds.
The genotoxic carcinogens including those used as positive controls were clearly positive
(cyclophosphamide, diethylnitrosamine, 6-nitrochrysene). The non-genotoxic rodent carcinogens were
clearly negative (chlorpromazine, sulfisoxazole, sulfamethoxazole, clofibrate, DEHP, haloperidal,
metaproteranol, and phenobarbital). The non-genotoxic human carcinogen (cyclosporin) was clearly
negative. The two other human carcinogens phenacetin and DES were negative and interestingly
estradiol was negative in one of the two oral studies, but was clearly positive in the other. Considering
the mode of action for three of the human carcinogens (DES, cyclosporin and phenacetin), which were
negative in this model, the mode of action in humansislikely to be epigenetic. Overal, for the 3 clearly
genotoxic chemicals, all were positive. For the 9 clearly non-genotoxic chemicals, all 9 were negative.
The two human carcinogens for which genotoxicity may or may not play arole (DES and phenacetin)
were negative and estradiol was positivein | of the two oral studies. Overall, the extensive database for
compounds tested in the neonatal mouse model would support its use as an alternative model for the
assessment of the carcinogenic potential of achemical. The model responds to chemicalsthat act viaa
genotoxic mode of action that represent a greater concern for human cancer risk.

Moolgavkar SH, Turim J, Brown RC. The power of the European Union protocol to test for

car cinogenicity of inhaled fibers. Regul Toxicol Pharmacol 2001;33(3):350-5.

Abstract: We evaluate the power of arecent protocol proposed by the European Union (EU) for testing
the carcinogenicity of inhaled fibers. We assume that every fiber has oncogenic potential determined by
its biopersistence. We use arecently estimated potency for the oncogenic potential of fibers together
with experimentally determined "weighted" half-lives (WHL) of a dozen fibers to generate simulations
of long-tern) bioassays conducted according to the EU protocol. We analyze these experiments using



standard statistical techniques and determine the number of tests that would have yielded significant
results. We conclude that the EU protocol will readily detect the carcinogenic effect of long-lived fibers,
such as amosite with a WHL of more than 450 days, and usually detect the effect of fibers, such as
RCF1a, with WHL of about 40-50 days. However, the EU protocol has very low power to detect effects
of short-lived fibers, such as X607, with WHL of about 10 days. Copyright 2001 Academic Press.

Nishikawa A, Suzuki T, Masumura K, Furukawa F, Miyauchi M, NakamuraH, Son HY, Nohmi T,
Hayashi M, Hirose M. Reporter gene transgenic mice asatool for analyzing the molecular
mechanisms under lying experimental car cinogenesis. J Exp Clin Cancer Res 2001;20(1):111-5.
Abstract: Carcinogenic compounds are classified into 2 categories, genotoxic and non-genotoxic, which
are basically judged from in vitro genotoxicity data. However, it is well documented that genotoxicants
do not necessarily exert in vivo carcinogenicity in rodents, partly because of adiscrepancy betweenin
vitro and in vivo mutagenicities. Recently, transgenic animal models with reporter genes such as lacl,
lacZ and gpt have been developed as atool for assessing in vivo mutagenicity as well as carcinogenicity.
In this Article, data using lacl transgenic mice and gpt delta mice are presented and their application is
discussed. In lacl transgenic mice, dimethylnitrosamine (DMN) treatment significantly increased lacl
mutant frequency (MF) in the liver, kidenys and lungs, but not in other non-target organs. Repeated dose
ip administration of DMN was more effective than single dose treatment in the induction of lacl MF.
The spectrum of mutant plagues induced by DMN was characterized by deletions aswell as GC to AT
base transitions. The remaining mice receiving DMN proved to have liver adenomas at a high frequency
after 78 weeks. Meanwhile, dietary 2-amino-3,8-dimethylimidazo[4,5-f]quinoxaine (Mel Qx)
significantly increased lacl and gpt MFsin the liver and colon. The characteristic spectrum of mutant
plaques induced by MelQx was a GC to TA base transversion in both the lacl and gpt mutations. Our
results thus strongly suggest that these reporter gene transgenic animal models could offer a useful tool
for analyzing molecular mechanisms underlying experimental carcinogenesis and for assessing the
carcinogenic risk of environmental chemicals.

Osborn LV, Kurek JT, Kriech AJ, Fehsenfeld FM. L uminescence spectroscopy as a screening tool for
the potential carcinogenicity of asphalt fumes. J Environ Monit 2001;3(2):185-90.

Abstract: A subset of polycyclic aromatic compounds (PACs), which contain 4-6 annulated rings, has
been documented as the source of carcinogenicity in animal skin painting studies of petroleum products
and asphalt fumes (M. L. Machado, P. W. Beatty, J. C. Fetzer, A. H. Glickman and E. L. McGinnis,
Fundam. Appl. Toxicol., 1993, 21, 492; T. A. Roy, S. W. Johnson, G. R. Blackburn and C. R. Mackerer,
Fundam. Appl. Toxicol., 1988, 10, 466). Because of the chemical complexity of these materias, it has
been difficult to identify the specific compounds within this broad range of PACs responsible for their
carcinogenicity. An alternative approach using luminescence spectroscopy was taken in this study to
quantify, without identification, a subset of these compounds that appears to cause cancer. The
fluorescence response at a specific wavelength pair was obtained for 39 laboratory asphalt fume
condensates from animal skin painting studies, yielding alinear correlation coefficient of R2 = 0.96
between the fluorescence response in these materials and the carcinogenicity found in animal studies. In
the absence of other asphalt fume condensates from animal studies, 17 petroleum oils were also
evaluated using this method and compared with the available animal skin painting data. The details of
the method jnclude a clean-up step that removes the highly polar compounds and spectral subtraction of



two- and three-ring PAC interference, both of which add to the fluorescence response, yet were not
found to contribute to a carcinogenic response from skin painting studies. Full scan fluorescence plots
also produce a fingerprint which can be used to assess contamination, such as coal tar products or
mixtures of materials, that are not defined as asphalt, yet may be present in the working environment.

Pylev LN, Vasil'eva LA, Pliss GB. [M ethodological approachesto the study of the carcinogenic
properties of substances]. Vopr Onkol 2000;46(3):320-6 [Rus].

Abstract: Since the methods of investigation of carcinogenicity of different agents have changed
drasticaly, relevant manuals need to be revised and supplemented. A new concept of carcinogenic
agents evaluation, criteriafor their selection and study are discussed. Working out of criteriafor
establishing priorities of hazardous substance selection is of vital importance.

Robinson DE, MacDonald JS. Background and framework for IL SI's collabor ative evaluation
program on alter native modelsfor carcinogenicity assessment. International Life Sciences
Institute. Toxicol Pathol 2001;29 Suppl:13-9.

Abstract: The willingness of the agenciesinvolved in the regulation of pharmaceuticals to accept data
from newly proposed models for carcinogenicity testing (eg, transgenic animals, neonatal rodent models,
initiation-promotion models) has stimulated international interest in gaining experience and a greater
understanding of the strengths and limitations of the specific models. Over a 4-year period, the
International Life Sciences Institute (ILSI) Health and Environmental Science Institute (HESI) has
coordinated a large-scal e collaborative research program to help to better characterize the
responsiveness of several models proposed for use in carcinogenicity assessment. The overall objective
of this partnership among industry, government, and academic scientists was to evaluate the ability of
these new models to provide useful information for human cancer risk assessment. This research
program reflected a commitment of nearly US$35 million by over 50 industrial, govemment, and
academic laboratories from the United States, Europe, and Japan. Evaluation of the models required the
development of standardized protocols to allow reproducibility and comparability of data obtained
across multiple laboratories. Test compounds were selected on the basis of mechanistically meaningful
carcinogenic activity or noncarcinogenicity in the rodent bioassay as well as humans. Criteriawere
established for dose selection, pathology review, quality control, and for evaluation of study outcome.
The database from these studies represents an important contribution to the future application of new
models for human cancer risk assessment. Beyond the data, the collaborative process by which the
models were evaluated may also represent a prototype for assessing new methods in the future.

Rockett JC, Swales KE, Esdaile DJ, Gibson GG. Use of suppression-PCR subtractive hybridisation
to identify genesthat demonstrate altered expression in malerat and guinea pig liversfollowing
exposureto Wy-14,643, a per oxisome proliferator and non-genotoxic hepatocar cinogen.
Toxicology 2000;144(1-3):13-29.

Abstract: Understanding the genetic profile of acell at all stages of normal and carcinogenic
development should provide an essential aid to developing new strategies for the prevention, early
detection, diagnosis and treatment of cancers. We have attempted to identify some of the genes that may
be involved in peroxisome-proliferator (PP)-induced non-genotoxic hepatocarcinogenesis using
suppressionPCR subtractive hybridisation (SSH). Wistar rats (male) were chosen as a representative



susceptible species and Duncan-Hartley guinea pigs (male) as aresistant species to the
hepatocarcinogenic effects of the PP, [4-chloro-6-(2,3-xylidino)-2-pyrimidinylthio] acetic acid (Wy-
14,643). In each case, groups of four test animals were administered a single dose of Wy-14,643 (250
mg/kg per day in corn oil) by gastric intubation for 3 consecutive days. The control animals received
corn oil only. On the fourth day the animals were killed and liver mRNA extracted. SSH was carried out
using MRNA extracted from the rat and guinea pig livers, and used to isolate genes that were up and
downregulated following Wy-14,643 treatment. These genes included some predictable (and hence
positive control) species such as CYP4A1 and CY P2C11 (upregulated and downregulated in rat liver,
respectively). Several genes that may be implicated in hepatocarcinogenesis have also been identified, as
have some unidentified species. This work thus provides a starting point for devel oping a molecular
profile of the early effects of a non-genotoxic carcinogen in sensitive and resistant species that could
ultimately lead to a short-term assay for this type of toxicity.

Sanner T, Dybing E, Willems MI, Kroese ED. A simple method for quantitative risk assessment of
non-threshold car cinogens based on the dose descriptor T25. Pharmacol Toxicol 2001;88(6):331-41.
Abstract: This report provides guidance for using the dose-descriptor T25 from animal studies as abasis
for quantitative risk characterisation of non-threshold carcinogens. T25 is presently used within the
European Union for setting specific concentration limits for carcinogensin relation to labelling of
preparations (formulations). The T25 is defined as the chronic dose rate which will give 25% of the
animals tumours at a specific tissue site, after correction for spontaneous incidence, within the standard
life-time of that species. The T25 is converted to the corresponding human dose descriptor, HT25, by
dividing it with the appropriate scaling factor for interspecies dose scaling based on comparative
metabolic rates. Subsequently, the human dose (expressed in mg per kg body-weight per day) is
calculated from the avail able exposure data. The corresponding human life-time cancer risk isthen
obtained by using linear extrapolation by dividing the exposure dose with the coefficient (HT25/0.25).
The results with this new method, which can easily be calculated without computer programmes, are in
excellent agreement with results from computer-based extrapolation methods such as the linearised
multistage model and the benchmark method using LED10, even though the present method only takes
into consideration one single dose-response point. To overcome possible shortcomings of the present
method, the estimated life-time risks are proposed to be accompanied by a commentary statement giving
an overall evaluation of datathat may have bearing on the carcinogenic risk and that may indicate
whether the real human risk is likely to be higher or lower than the calculated life-time risk. By using the
present guidance and a harmonized set of criteria and default values, the calculation of life-time cancer
risk should be transparent and easy to comprehend.

Shen Z, Bosbach D, Hochella MF Jr, Bish DL, Williams MG Jr, Dodson RF, Aust AE. Using in vitro
iron deposition on asbestosto model asbestos bodies formed in human lung. Chem Res Toxicol
2000;13(9):913-21.

Abstract: Recent studies have shown that iron is an important factor in the chemical activity of asbestos
and may play akey roleinitsbiological effects. The most carcinogenic forms of asbestos, crocidolite
and amosite, contain up to 27% iron by weight as part of their crystal structure. These minerals can
acquire more iron after being inhaled, thereby forming asbestos bodies. Reported here is amethod for
depositing iron on asbestos fibersin vitro which produced iron deposits of the same form as observed on



asbestos bodies removed from human lungs. Crocidolite and amosite were incubated in either FeCl(2) or
FeCl(3) solutions for 2 h. To assess the effect of longer-term binding, crocidolite was incubated in FeCl
(2) or FeCl(3) and amosite in FeCl(3) for 14 days. The amount of iron bound by the fibers was
determined by measuring the amount remaining in the incubation solution using an iron assay with the
chelator ferrozine. After iron loading had been carried out, the fibers were a'so examined for the
presence of an increased amount of surface iron using X-ray photoel ectron spectroscopy (XPS). XPS
analysis showed an increased amount of surface iron on both Fe(11)- and Fe(l11)-loaded crocidolite and
only on Fe(l11)-loaded amosite. In addition, atomic force microscopy revealed that the topography of
amosite, incubated in 1 mM FeCl(3) solutions for 2 h, was very rough compared with that of the
untreated fibers, further evidence of Fe(l11) accumulation on the fiber surfaces. Analysis of long-term Fe
(111)-loaded crocidolite and amosite using X-ray diffraction (XRD) suggested that ferrihydrite, a poorly
crystallized hydrous ferric iron oxide, had formed. XRD also showed that ferrihydrite was present in
amosite-core asbestos bodies taken from human lung. Auger e ectron spectroscopy (AES) confirmed
that Fe and O were the only constituent elements present on the surface of the asbestos bodies, although
H cannot be detected by AES and is presumably also present. Taken together for all samples, the data
reported here suggest that Fe(Il) binding may result from ion exchange, possibly with Na, on the fiber
surfaces, whereas Fe(111) binding forms ferrihydrite on the fibers under the conditions used in this study.
Therefore, fibers carefully loaded with Fe(I11) in vitro may be a parcticularly appropriate and useful
model for the study of chemical characteristics associated with asbestos bodies and their potential for
interactions in a biosystem.

Sills RC, French JE, Cunningham ML. New modelsfor assessing carcinogenesis. an ongoing pr ocess.
Toxicol Lett 2001;120(1-3):187-98.

Abstract: Traditionally, the use of rodent models in assessing the carcinogenic potential of chemicals has
been expensive and lengthy, and the relevance of the carcinogenic effect to humans is often not fully
understood. Today, however, with the rapid advances in molecular biology, genetically altered mice
containing genes relevant to humans (e.g. oncogenes, tumor suppressor genes) and reporter genes (e.g.
lacl) provide powerful tools for examining specific chemical-gene interactions thereby allowing a better
understanding of the mechanisms of carcinogenesis in a shorter period of time. This paper will cover an
overview of ongoing validation efforts, followed by examples of studies using several genetically
engineered models including the p53def mouse model and the Big Blue transgenic mouse model.
Specifically, examples where transgenic models were integrated into the testing program based on
specific hypotheses dealing with genetic alterations in cancer genes and reporter genes will be discussed.
The examples will highlight possible ways genetically altered mice may be integrated into a
comprehensive research and testing strategy and thereby provide an improved estimation of human
health risks.

Storer RD. Current status and use of short/medium term modelsfor car cinogenicity testing of
phar maceuticals--scientific per spective. Toxicol Lett 2000;112-113:557-66.

Abstract: Short- and medium-term rodent bioassays have been proposed under ICH guidelinesfor usein
testing for the carcinogenic potential of pharmaceuticals. Further evaluation of these modelsis needed
urgently and coordinated efforts are in progress worldwide to expand the available database. Models
currently being investigated include transgenic mice (Tg-rasH2, Tg.AC, p53(+/-), XPA(-/-)) and



neonatal mice. As more data become available on the performance of these assays, regulatory and
industry scientists will be faced with the difficult challenge of determining how the performance
(accuracy) of each assay will be measured and deciding which assays have value in the risk assessment
process.

Sueoka E, Sueoka N, Goto Y, Matsuyama S, NishimuraH, Sato M, Fujimura S, Chiba H, Fujiki H.
Heter ogeneous nuclear ribonucleoprotein B1 as early cancer biomarker for occult cancer of
human lungs and bronchial dysplasia. Cancer Res 2001;61(5):1896-902.

Abstract: Heterogeneous nuclear ribonucleoprotein (hnRNP) B1 is a RNA-binding protein of Mr 37,000.
We previously reported that hnRNP B1 was specifically overexpressed in the nuclei of human lung
cancer cells, parcticularly in squamous cell carcinoma (E. Sueoka et al., Cancer Res., 59: 1404-1407,
1999). We extended this study to determine whether hnRNP BL was overexpressed in
roentgenographically occult cancers of the lungs and premalignant lesions of squamous cell carcinomas,
such as bronchial dysplasia. The additional object of our study was to examine the usefulness of hnRNP
B1 as apotential diagnostic marker for squamous cell carcinoma of various organs, such as the oral
cavity and esophagus in humans. Surgically resected specimens of bronchial dysplasia, lung cancers,
and various human squamous cell carcinomas, collected at two hospitals in Japan, were subjected to
immunohistochemical staining with anti-hnRNP B1 antibody. Overexpression of hnRNP B1 protein was
observed in 100% of stage | lung cancer tissues, but it was not found in normal bronchial epithelium.
Squamous cell carcinoma of the lungs showed stronger staining than other histological types, and
elevation of hnRNP B1 was found in both roentgenographically occult lung cancers and bronchial
dysplasia. Furthermore, cytological examination with anti-hnRNP B1 antibody detected cancer cellsin
sputum, suggesting the potential of hnRNP B1 protein as a new biomarker for the very early stage of
lung cancer in humans. Because strong staining of hnRNP B1 was also observed in various sqguamous
cell carcinomas of oral and esophageal tissues as shown in our recent reports, overexpression of hnRNP
B1 seems to be a common event in the carcinogenic processes of squamous cell carcinoma. These
results suggest that hnRNP B1 protein could be a useful diagnostic biomarker for both the very early
stages of lung cancer and various squamous cell carcinomas in humans.

Thorgeirsson SS, Factor VM, Snyderwine EG. Transgenic mouse modelsin carcinogenesis r esear ch
and testing. Toxicol Lett 2000;112-113:553-5.

Abstract: Double transgenic mice bearing fusion genes consisting of mouse abumin enhancer/promoter-
mouse c-myc cDNA and mouse metallothionein 1 promoter-human TGF-alpha cDNA were generated to
investigate the interaction of these genes in hepatic oncogenesis and to provide a genera paradigm for
characterizing both the interaction of nuclear oncogenes and growth factors in tumorigenesis. In
addition, these mice provide an experimental model to test how environmental chemicals might interact
with the c-myc and TGF-al pha transgenes during the neoplastic process. We show experimental
evidence that co-expression of TGF-alpha and c-myc transgenes in mouse liver promotes
overproduction of ROS and thus creates an oxidative stress environment. This phenomenon may account
for the massive DNA damage and acceleration of hepatocarcinogenesis observed in the TGF-aphalc-
myc mouse model. Also, the role of mutagenesis in hepatocarcinogenesis induced by 2-amino-3,8-
dimethylimidazo(4,5-f)-quinoxaline (Mel Qx) was demonstrated in C57BL/lacZ (Muta Mice) and double
transgenic g:myc/lacZ mice that carry the lacZ mutation reporter gene. The MeL Qx



hepatocarcinogenicity was associated with an increase in in vivo mutagenicity as scored by mutations in
the lacZ reporter gene. These results suggest that transgenic mouse models may provide important tools
for testing both the carcinogenic potential of environmental chemicals and the interaction/cooperation of
these compounds with specific genes during the neoplastic process.

van der Laan JW. Current status and use of short/medium-term modelsfor assessment of

car cinogenicity of human pharmaceuticals: regulatory per spectives. Toxicol Lett 2000;112-113:567-
72.

Abstract: In the summer of 1997 international governmental organizations and industry partners agreed
upon a new document on 'Testing for Carcinogenicity of Pharmaceuticals. The most important element
in the new guidance was the acceptability of only one life-time carcinogenicity study in arodent species
(preferably the rat). In addition a choice could be made to test the pharmaceutical in one of the newly
developed models, i.e. the newborn mouse assay or one of the various transgenic mouse assays. In the
present paper the strengths and weaknesses of various models are discussed from aregulatory point of
view. The aim of the new animal models would eventually be replacing animal life-span studies without
compromizing human safety. Such studies should supplement the life-span studies and provide
additional information not readily available from the long-term assay. At present there is insufficient
information to predict or offer guidance on which of the models may be the most suitable. New models
are not useful to test the carcinogenic potential of biotechnological products.

Wiltse JA, Dellarco VL. U.S. Environmental Protection Agency'srevised guidelinesfor carcinogen
risk assessment: evaluating a postulated mode of carcinogenic action in guiding dose-r esponse
extrapolation. Mutat Res 2000;464(1):105-15.

Abstract: There are new opportunities to using data from molecular and cellular studies in order to bring
together afuller biological understanding of how chemicals induce neoplasia. In 1996, the
Environmental Protection Agency (EPA) published a proposal to replace its 1986 Guidelines for
Carcinogen Risk Assessment to take advantage of these new scientific advancesin cancer biology. The
analytical framework within the new guidelines focuses on an understanding of the mode of
carcinogenic action. Mode of action data come into play in a couple of ways in these new guidelines.
For example, such information can inform the dose-response relationship bel ow the experimental
observable range of tumours. Thus, mode of action data can be useful in establishing more appropriate
guidance levels for environmental contaminants. It is the understanding of the biological processes that
lead to tumour development along with the response data derived from experimental studies that can
help discern the shape of the dose-response at low doses (linear vs. nonlinear). Becauseit is
experimentally difficult to establish "true thresholds' from others with a nonlinear dose-response
relationship, the proposed guidelines take a practical approach to depart from low-dose linear
extrapolation procedures when there is sufficient experimental support for a mode of action consistent
with nonlinear biological processes (e.g., tumours resulting from the disruption of normal physiological
processes).

Zhang DL, Li LJ, XiaGT, He XY, Gao BX, Bai XH, Huang GS, Liu SG, Yan LF, Fang FD, et al.
[Analyses of chromosomal karyotypes and cytogenetic variations of animal cell lines]. Yi Chuan
Xue Bao 2Q01;28(4):327-44 [Chi].



Abstract: After the master cell stock(mcs) and working cell bank of more than 30 different strains of 7
animal kidney cell lines (F-81 or CRFK cell line, MDCK cell line, Vero or Vero-2 cell line, MA-104
cell line and BHK-21 cell line) were established in China, the chromosomal number variations and
structural aberrations of the above lines, primary feline or canine kidney cell (FKC or CKC) and HeLa
cell line were investigated and their karyotypes of routine or Giemsa chromosomal bands were analyzed.
The carcinogenesis or tumorigenicity testing of these cellsin about 700 nude mice and for colony
formation in soft agar (SA) and for agglutination under different concentration of plant lectins was
carried out. Both tumorigenicity-negative strains of F-81, CRFK, Vero or Vero-2 lines and very-low-
tumorigenicity strains of MDCK line were successfully selected and evaluated for the production of
canine or feline combination viral vaccines, which are free of infectious agents, and described with
respect to cytogenetic characteristics and tumorigenicity. Rate of modal chromosome number represents
the ratio of cell number having modal chromosome number to all the split cell number analyzed at
random. Rate of difference representsthe ratio of difference of the rate of modal chromosome number
between mcs (master cell stock) + n and mcs passages. The chromosomal analysis results showed that
the ratio of difference of the rate of modal chromosome number between mcs + n and mcs passages was
not more than 5%-15% and the structure aberrations was generally 0%-3%, not more than 5%-10%, thus
the hereditary character of cell linesis comparatively stable without significant difference between
different passages. The genetic characteristics of chromosomal number of cell lines determines their
tumorigenicity, but it is species specific. Experimental models were established for the researches on the
prevention and prophylaxis of malignant tumors or cancers and their genetically biological
characteristics. Tests showed that there was correlation among cell line chromosome number variations,
anchorage independence in soft agar, agglutination under plant lectins and tumor-forming ability in nude
mice. Since testing in vitro is more economic, ssmpler, faster, and is thought to be reliable, we
recommend plant lectins followed by SA or analysis of karyotypes as the initial means for monitoring
tumorigenicity of animal cell line in nude mice.

CYTOTOXICITY

Apasov SG, Chen JF, Smith PT, Schwarzschild MA, Fink JS, Sitkovsky MV. Study of A(2A)
adenosine receptor gene deficient mice revealsthat adenosine analogue CGS 21680 possesses no A
(2A) receptor-unrelated lymphotoxicity. Br J Pharmacol 2000;131(1):43-50.

Abstract: Cell surface A(2A) adenosine receptor (A(2A)R) mediated signalling affects a variety of
important processes and adenosine anal ogues possess promising pharmacological properties.
Demonstrating the receptor specificity of potentially lymphotoxic adenosine-based drugs facilitates their
development for clinical applications. To distinguish between the receptor-dependent and -independent
lymphotoxicity and apoptotic activity of adenosine and its analogues we used lymphocytes from A(2A)
R-deficient mice. Comparison of A(2A)R-expressing (+/+) and A(2A)R-deficient (-/-) cellsin cyclic
AMP accumulation assays confirmed that the A(2A)R agonist CGS 21680 isindeed selective for A(2A)
receptorsin T-lymphocytes. Incubation of A(2A)R-expressing thymocytes with extracellular adenosine
or CGS 21680 in vitro results in the death of about 7-15% of thymocytes. In contrast, no death was
induced in parallel assaysin cells from A(2A)R-deficient mice, providing genetic evidence that CGS
21680 does not display adenosine receptor-independent intracellular cytotoxicity. The A(2A) receptor-
specific lymphotoxicity of CGS 21680 is also demonstrated in along-term (6-day) in vitro model of



thymocyte positive selection where addition of A(2A)R antagonist ZM 241,385 did block the effects of
CGS 21680, alowing the survival of T cells. The use of cells from adenosine receptor-deficient animals
Is proposed as a part of the screening process for potential adenosine-based drugs for their receptor-
independent cytotoxicity and lymphotoxicity.

Babich H, Sinensky MC. Indirect cytotoxicity of dental materials: a study with Transwell inserts
and the neutral red uptake assay. Altern Lab Anim 2001;29(1):9-13.

Abstract: A modification of the Transwell insert methodology was evaluated by using the neutral red
uptake (NRU) assay in a cytotoxicity test. The Transwell insert methodology was developed to assess
the biocompatibility of solid materials used in dentistry and, when initially designed, used the release of
radiochromium ((51)Cr) in the cytotoxicity assay. Another aim of this study was to evaluate different
exposure regimes with which to assess cytotoxicity. The exposure regimes included: a 1-hour exposure
in buffer followed by a 24-hour incubation in growth medium; a 2-hour exposure in buffer followed by a
24-hour incubation in growth medium; a 24-hour exposure in serum-limited medium; and a 24-hour
exposure in a serum-sufficient medium. The bioindicator target was the Smulow-Glickman (S-G) human
gingival cell line and the biomaterials were dental restoratives. The Transwell insert methodology with
the NRU cytotoxicity assay as the cytotoxicity endpoint was effective in differentiating the potencies of
the dental restoratives; a 2-hour exposure in buffer and a 24-hour exposure in serum-limited medium
were the exposure regimes that most clearly differentiated the test agents according to their potencies.
The sequence of cytotoxicity of the dental restorativesto the S-G cells was Vitremer > Ketac-Molar
Aplicap > Flow-It.

Barrett KL, Willingham JM, Garvin AJ, Willingham MC. Advancesin cytochemical methods for
detection of apoptosis. J Histochem Cytochem 2001;49(7):821-32.

Abstract: In an earlier Article from thislaboratory, the current methods devel oped to detect apoptosisin
cells and tissues were highlighted, along with the challenges in their interpretation. Recent discoveries
concerning the underlying biochemical mechanisms of apoptotic effector pathways have made possible
further assays that allow a more direct measure of the activation of the apoptotic machinery in cells. This
Article summarizes some of these newer methods and extends the interpretation of the more classical
assays of apoptosisin adefined cell system. We present datain KB and PC3 cell model culture systems
induced to undergo apoptosis by the plant toxin ricin. Using a modified in situ nick tranglation assay
(ISNT) with either Bodipy or BUdR labeling, we confirm that most cells showing altered nuclear
morphology do not show reactivity with this assay until very late in the apoptotic process. We also show
that only a minority of cellslabel with fluorescent annexin V during apoptosis but that apoptotic cells
continue to internalize material from the cell surface through endocytosis after becoming reactive with
annexin V. In addition, we describe the utility of a prototype of new assays for caspase substrate
cleavage products, the detection of cleaved cytokeratin 18. It is these newer cleavage product assays that
perhaps hold the greatest promise for specific detection of apoptosisin cells either in cell culture or in
intact tissues. (J Histochem Cytochem 49:821-832, 2001).

Bogen KT, EnnsL, Hall LC, Keating GA, Weinfeld M, Murphy G, Wu RW, Panteleakos FN. Gel
microdrop flow cytometry assay for low-dose studies of chemical and radiation cytotoxicity.
Toxicology,2001;160(1-3):5-10.



Abstract: Low-level cytotoxicity may affect |ow-dose dose-response relations for cancer and other
endpoints. Conventional colony-forming assays are rarely sensitive enough to examine small changesin
cell survival and growth. Automated image-analysis techniques are limited to ca. 10(4) cells/plate. An
alternative method involves encapsulation of single proliferating cellsinto ca. 35-75-microm-diameter
agarose gel microdrops (GMDs) that are randomly grouped, differential exposure of these groups,
culture at 37 degrees C for 3-5 days, and finally GMD analysis by flow cytometry (FC) to determine the
ratio of GM Ds containing multiple versus single cells as a measure of clonogenic survival. This GMD/
FC assay was used to examine low-dose cell killing induced by a cooked-meat mutagen/rodent-
carcinogen (MelQx) in DNA-repair-deficient/metabolically-sensitive CHO cells. Results of
conventional colony-forming assays using up to 30 replicate plates indicate a shouldered, threshold-like
dose-response; in contrast, those obtained using the GMD/FC assay suggest "hypersensitivity"-like
nonlinearity in dose-response. The GMD/FC assay was also applied to human A549 lung cells after

GM D-encapsulation and gamma radiation followed by culture for atotal of 4 days, to examine survival
after exposure to > or =100 cGy delivered at arelatively low dose rate (0.18 cGy/min). Dose-response
for clonogenic growth was again observed to be reduced with apparent nonlinear suggesting
hypersensitivity between 0 and 50 cGy, insofar as doses of 5 and 10 cGy appear to be ca. fivefold more
effective per unit dose than the 50- or 100-cGy doses used. The GMD/FC assay may thus reveal 1ow-
dose dose-response relations for chemical and radiation effects on cell proliferation/killing with
implications for low-dose risk assessment.

Bugelski PJ, Atif U, Molton S, Toeg |, Lord PG, Morgan DG. A strategy for primary high
throughput cytotoxicity screening in pharmaceutical toxicology. Pharm Res 2000;17(10):1265-72.
Abstract: PURPOSE: Recent advancesin combinatorial chemistry and high throughput screens for
pharmacol ogic activity have created an increasing demand for in vitro high throughput screens for
toxicological evaluation in the early phases of drug discovery. METHODS: To develop a strategy for
such a screen, we have conducted a data mining study of the National Cancer Institute's Developmental
Therapeutics Program (DTP) cytotoxicity database. RESULTS: Using hierarchical cluster anaysis, we
confirmed that the different tissues of origin and individual cell lines showed differential sensitivity to
compounds in the DTP Standard Agents database. Surprisingly, however, approaching the data globally,
linear regression analysis showed that the differences were relatively minor. Comparison with the
literature on acute toxicity in mice showed that the predictive power of growth inhibition was marginally
superior to that of cell death. CONCLUSIONS: This datamining study suggests that in designing a
strategy for high throughput cytotoxicity screening: asingle cell line, the choice of which may not be
critical, can be used as a primary screen; a single end point may be an adequate measure and a cut off
value for 50% growth inhibition between 10(-6) and 10(-8) M may be a reasonable starting point for
accepting a cytotoxic compound for scale up and further study.

Byth HA, Mchunu BI, Dubery 1A, Bornman L. Assessment of a ssimple, non-toxic Alamar blue cell
survival assay to monitor tomato cell viability. Phytochem Anal 2001;12(5):340-6.

Abstract: The Alamar Blue (AB) assay, which incorporates a medox indicator that changes colour or
fluorescence in response to metabolic activity, is commonly used to assess quantitatively the viability
and/or proliferation of mammalian cells and micro-organisms. In this study the AB assay was adapted
for the detegmination of the viability of plant cells. Cell suspension cultures of tomato, Lycopersicon



esculentum, L., with differing viabilities, served as the experimental model for a comparison of the AB
assay with the conventional 2,3,5-triphenyltetrazolium chloride (TTC) viability assay. The AB assay
showed a sigmoidal relationship between cell viability and AB reduction (as quantified by
spectrofluorometry or spectrophotometry), which was similar to that obtained using the TTC assay. Both
assays detected a significant reduction in cell viability after 48 h exposure to virulent Ralstonia
solanacearum (biovar 111), while the TTC assay, in addition, revealed cell proliferation in control cells
from 24 to 72 h. The TTC assay detected cell proliferation over awider range of cell densities, while the
AB assay was more rapid and versatile whilst being non-toxic and thus allowing subsequent cell analysis.

Cook RS, Meyer GD, Miller TE, Curran MA, Cmar CB, Miller GL, Carmichael L. Assessing the
feasibility of an in vitro cytotoxicity method to detect har mful ubiquitous chemicals (detection of
non-war far e hazar dous chemicalsin the operational theater). Drug Chem Toxicol 2000;23(1):95-
111.

Abstract: The objective of thiswork was to assess the feasibility of accomplishing aqueous extracts of
soil samples and determining if the extracted solution induced adverse effects in the human
myelomonocytic cell line, HL60. Dosing of HL60 cells was accomplished over a 24-hour period using
100% of extracted media from standard soil samples containing known contaminants. A ssessments of
viahility, apoptosis, reduced thiols, and mitochondrial membrane integrity were accomplished by argon-
ion laser flow cytometric analysis, using chemical labels specific for each end-point. Thein vitro
cytotoxicity data was compared with the results of Microtox and Mutatox tests as well as earthworm and
plant toxicity tests. In vitro cytotoxicity tests results exhibited good correlation with other tests' results.

Fenoglio I, Croce A, Di Renzo F, Tiozzo R, Fubini B. Pure-silica zeolites (Por osils) as model solids
for the evaluation of the physicochemical features deter mining silica toxicity to macr ophages.
Chem Res Toxicol 2000;13(6):489-500.

Abstract: The interaction between inhaled pArticles and alveolar macrophages plays akey rolein silica-
related diseases. It has been previously shown [Fubini, B., et a. (1999) Chem. Res. Toxicol. 12, 737-
745] that a monocyte-macrophage cell line (J774) may be employed in the evaluation of the degree of
cytotoxicity to alveolar macrophages of various silica dusts. In this paper, pure-silica zeolites (porosils)
in microcrystalline form have been employed as "model solids® in an effort to show which
physicochemical properties of the silica pArticle are playing amajor role in the toxicity to macrophages.
The samples employed covered four different porosil crystal structures (MFI, FAU, TON, and MTT)
and also include a synthetic rodlike cristobalite (CRIS-rd). When compared at equal weight, the samples
cover awide range of cytotoxicity from inert to toxic as unheated mineral cristobalite [Fubini, B., et al.
(1999) Chem. Res. Toxicol. 12, 737-745]. Mild grinding did not affect cytotoxicity. Calcined (open
pores) and uncalcined (pore filled with template) TON exhibited the same cytotoxicity, indicating that
only the outer surface isimplied. The hydrophobic and/or hydrophilic character of TON, evaluated by
adsorption calorimetry, is close to what has been previously found for silicalite and is consistent with a
hydrophilic outer surface and hydrophobic pore walls. The potential for generating hydroxyl radicals
from hydrogen peroxide varies among the various porosils that have been studied. A model is proposed
for the correlation between inhibition of growth on proliferating cells and physicochemical properties
varying from one to the other sample. The extent of external surface and the aspect ratio were related to
the intensity, of the cytotoxic effect, while the level of radical release was not. This suggests, on one



hand, that comparison of toxicity among various dusts should be made at equal pArticle surface and, on
the other, that in the model studied, free radical release does not play a crucial rolein the primary event
of toxicity to alveolar macrophages.

Flanagan AF, Callanan KR, Donlon J, Palmer R, Forde A, Kane M. A cytotoxicity assay for the
detection and differentiation of two families of shellfish toxins. Toxicon 2001;39(7):1021-7.
Abstract: Thereis an urgent need for an alternative to the mouse bioassay for the detection of algal
toxins in shellfish on both analytical and animal welfare grounds. Several alternative methodol ogies
have been described, but have not gained widespread acceptance to date, because each assay measures
only one or asmall number of related phycotoxins out of the increasing range that needs to be detected.
A simple cytotoxicity assay using either the HepG2 or ECV-304 cell lines is described with two end-
point measurements, which can detect and distinguish between two unrelated classes of phycotoxins.
Morphologica examination following 3h exposure to the sample enables the detection of the diarrhetic
shellfish poisons, including okadaic acid and related toxins. Viability testing using MTT (3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide), following 24h exposure of the same cellsto
the sample, reveals a second class of toxin, which is most probably the newly-described toxin,
azaspiracid. This assay should play an important role in shellfish monitoring in the future.

Gandhi VM, Cherian KM. Red cell haemolysistest asan in vitro approach for the assessment of
toxicity of karanja oil. Toxicol In Vitro 2000;14(6):513-6.

Abstract: The karanjatree growsin parts of Indiaand Australia. The oil from seed kernels was found to
be toxic to animals. The annual potential availability of the oil is around 135,000 tonsin India. In order
to useit for beneficial purposes, it is necessary to detoxify the ail. In the present study, the oil was
assessed for toxicity by the red cell haemolysis test and estimating the LDH in the supernatant. The non-
lipid constituents were isolated from raw oil by aqueous methanol extraction. The raw oil and the non-
lipid fraction were found to haemolyse the red cells with release of LDH, whereas the extracted oil did
not show such a manifestation. There was a good correl ation between haemolytic activity and LDH
released from cells. These findings were further confirmed with in vivo studies where the raw and
extracted karanja oils showed 100% and nil mortality in rats dosed orally at 10 and 20 mi/kg body
weight, respectively. This haemolysis test can be used as an in vitro method to predict toxicity and to
monitor the detoxification of the oils prior to useinin vivo studies for toxicological evaluation. The
fatty acid composition of the raw and extracted karanja oils showed no difference.

Hall LA, Krauthauser CM, Wexler RS, Hollingshead MG, Slee AM, Kerr JS. The hollow fiber assay:
continued characterization with novel approaches. Anticancer Res 2000;20(2A):903-11.

Abstract: The hollow fiber assay, a unique in vivo model, permits the simultaneous eval uation of
compound efficacy against multiple cell linesin two physiological compartments. This assay has been
used to characterize in vivo activity of cytotoxic compounds. The purpose of the present study was to
characterize and optimize this assay for compounds with a defined mechanism of action, specificaly cell
cycleinhibition. Two human tumor cell lines and one normal human cell line were loaded into
polyvinylidene fluoride hollow fibers at two or more cell concentrations and grown in mice for 3-10
days. The data demonstrate the importance of characterizing theinitial loading density of various cell
lines in thegvaluation of compounds. All studies were performed with cellsin the linear part of the cell



growth curves. Initial loading densities of 1-2 x 10(4) cellg/fiber gave the greatest opportunity for
growth in the three human cell lines tested (HCT116 colon carcinoma, NCI-H460 non-small cell
carcinoma, and AG 1523 normal fibroblast). Utilizing the MTT assay, standard curves were constructed
to correlate the final number of cells with optical density (OD) readings at 540 nm in order to calculate
cell numbersin the fibers. Insights into the mechanism of action of cisplatin have been gained using
Western blot analysis of the cell cycle markers PCNA (a protein present throughout the cell cycle) and
Rb (a protein that acts as a tumor suppressor gene product) from the hollow fiber cells. In cisplatin-
treated NCI-H460 cells both PCNA and Rb phosphorylation decreased, suggesting the arrest of the cells
prior to the S phase. Standard therapeutic agents, cisplatin, racemic flavopiridol, cyclophosphamide and
mitomycin C, were evaluated independently in the hollow fiber assay and the xenograft model. The data
demonstrate that compounds active in the hollow fiber assay are aso active in the xenograft.

Jean F, Roudot AC, Parent-Massin D. An automatic method for the evaluation of xenobiotic toxicity
on haematopoietic progenitors. Comput Methods Programs Biomed 2000;63(1):1-8.

Abstract: Culture of haematopoietic progenitorsis used in toxicology to evaluate the effects of
xenobiotic contaminants on humans. One of the most important parts of this anaysisisthe
quantification of cell aggregatesin the culture. These aggregates can have different sizes and shapes,
which reflect the category of cells (granulocyte or monocyte), and the growth percentage reflects the
toxic effect of the contaminant. A proposal for an automatic method based on image analysisis
described in thiswork. Algorithms able to solve the basic problems are proposed and tested, and the
problem concerning atridimensional analysisis exposed and discussed.

Kayser O, Kiderlen AF, Laatsch H, Croft SL. In vitro leishmanicidal activity of monomeric and
dimeric naphthoquinones. Acta Trop 2000;76(2):131-8.

Abstract: A series of monomeric and dimeric naphthoquinones with potential for treatment of
Leishmaniainfections was identified in vitro using both a direct cytotoxicity assay against extracellular
promastigotes of Leishmania donovani, Leishmaniainfanturn, Leishmania enriettii, and Leishmania
major and atest against intracellular amastigote L. donovani residing within murine macrophages.
Several naphthoquinones proved to be active at concentrations in the microgram range (EC(50) 0.9-17.0
microg/ml). When tested against a panel of human cancer cell lines (KB, SKMel, A549, MDA) and
murine bone marrow culture-derived macrophages (BMMPhi) as mammalian host cell controls,
compounds with anti-L eishmania-activity showed moderate (EC(50)>25 microg/ml) to pronounced (EC
(50)<10 microg/ml) toxic effects.

Kim S, Stair EL, Lochmiller RL, Lish JW, Qualls CW Jr. Evaluation of myelotoxicity in cotton rats
(Sigmodon hispidus) exposed to environmental contaminants. I. In vitro bone-marrow progenitor
culture. J Toxicol Environ Health A 2001,;62(2):83-96.

Abstract: Bone marrow is extremely sensitive to toxicants, and in vitro culture of bone-marrow
progenitor cells has been shown to be a sensitive indicator of bone-marrow injury in laboratory rodents.
The ability of abone-marrow progenitor cell assay to detect myelotoxicity in awild rodent model
(cotton rat, Sigmodon hispidus) that inhabits many contaminated ecosystems in the southern United
States was examined. Responsiveness of progenitor cells to recombinant murine granulocyte-
macrophagg colony-stimulating factor (GM-CSF) and cotton rat lung-conditioned medium (LCM) was



determined to optimize culture conditions for cotton rats. Myelotoxicity was induced in cotton rats by
treating animals with either cyclophosphamide (8 or 80 mg/kg) or dexamethasone (500 microg/kg) over
a 5-d period. Administration of a high dose of cyclophosphamide caused nearly total suppression of
colony formation of granulocyte-macrophage progenitor cells (CFU-GM). Marked histological changes
in both the bone marrow and spleen were also observed in cotton rats treated with a high dose of
cyclophosphamide. Although histological lesions were not apparent, the number of CFU-GM in the
bone marrow of low-dose cyclophosphamide- and dexamethasone-treated cotton rats was significantly
suppressed compared to controls. The number of CFU-GM was consistently higher using LCM than
recombinant murine GM-CSF. This reproducible, quantitative, in vitro bone-marrow progenitor cell
culture system was a sensitive indicator of myelotoxicity in wild cotton rats and should be useful for
monitoring chronic exposuresto low levels of environmental toxicantsin wild rodent populations.

Niu Q, Zhao C, Jing Z. An evaluation of the colorimetric assays based on enzymatic reactions used
in the measurement of human natural cytotoxicity. J Immunol Methods 2001;251(1-2):11-9.
Abstract: In recent years colorimetric assays based on an enzymatic reaction such as the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay have been used in an attempt to
replace the conventional isotopic assay for cell-mediated cytotoxicity. To clarify the problemsin the
colorimetric assays for natural cytotoxicity, K562 cells were employed astarget cells and peripheral
mononuclear cells (PBMCs) from cancer patients were used as effector cells. No correlation was found
between the 51Cr assay and the MTT assay (P>0.05) or the N-acetyl-beta-D-glycosaminidase (NAG)
release assay (P>0.05) in 16 cancer patients. Labeling effector cells showed that the 51Cr release levels
of such cellsin 19 chemotherapy patients were significantly higher than the levels from target cellsin
this group (P<0.01) and from effector cellsin the control group (PZ0.01). There was no correlation
between the positive and negative 51Cr assays (P>0.05). The sensitivity of the MTT assay was greatly
decreased by washing K562 cells prior to loading MTT solution. Enzyme release occurs as aresult of
cell metabolism and elevated enzyme release is associated with freezing. These findings indicate that the
colorimetric assays based on an enzymatic reaction are not suitable for the detection of natural
cytotoxicity in all populations, and are especially not suitable for the assay of natural cytotoxicity in
chemotherapy patients.

Ruppova K, Wsolova L, Urbancikova M, Slamenova D. Comparison of threein vitro assays at
evaluation of 1C50 of acetylsalicylic acid, ferrous sulfate, amitriptyline, methanol, isopr opanol and
ethylene glycol in human cancer cells Hel a. Neoplasma 2000;47(3):172-6.

Abstract: Evaluation of the 50% inhibitory concentration (1C50) of acetylsalicylic acid, ferrous sulfate,
amitriptyline, methanol, isopropanol and ethylene glycol was done on human cancer cells cultured inin
vitro conditions. Three different in vitro assays were used in this study: the plating efficiency test, the
microprotein test and the neutral red uptake test. Obtained results were evaluated by statistical methods.
All used methods seem to be useful for screening a cytotoxic potential of the tested chemicals. The
knowledge of cytotoxic effects of frequently used chemicals on mammalian cellsis important not only
for necessary in vitro genotoxicity and carcinogenicity studies but also for assessing the toxicity of
chemicalsto find out possible hazards to the human health. Results presented in this paper underline the
usefulness of the wider methodological approach for the comparison of the different endpoints as well as
anecessity for selection of abattery of in vitro cytotoxicity tests allowing to estimate the possible



harmful effects of xenobiotics.

Schuster U, Schmalz G, Thonemann B, Mendel N, Metzl C. Cytotoxicity testing with three-
dimensional cultures of transfected pulp-derived cells. J Endod 2001;27(4):259-65.

Abstract: SV40 large T-antigen-transfected bovine pulp-derived cells were grown three-dimensionally
on polyamide meshes. For optimal cell growth, various cell numbers and mesh coatings were tested.
Next the three-dimensional cultures were used in adentin barrier test device, and the system was
evaluated by testing a set of dental filling materials. After 24 hr exposure with or without perfusion of
the pulpal part of the test device, cell survival was evaluated using an MTT assay. In all experiments
pulp-derived cells transfected with SV40 large T-antigen grew three-dimensionally on polyamide
meshes and showed growth kinetics similar to those on cell culture plates with lag, log, and plateau
phases (reached after about 14 days of incubation). Cross-sections of the three-dimensional cell cultures
revealed about 15 to 20 cell layers. In vitro cytotoxicity tests resulted in cell survival rates which arein
good agreement with in vivo data and with results obtained from cytotoxicity tests with three-
dimensional cultures of human foreskin fibroblasts.

Snyder EL, O'Donnéll L, Dengler TJ, Pomper GJ, VellecaMA, Dincecco DM, Baril LL, Min K, Gudino
MD, Bender JR. Ex vivo evaluation of PBMNCs collected with a new cell separator. Transfusion
2001;41(7):940-9.

Abstract: BACKGROUND: This study reports on an evaluation of the ability of a cell separator
(Amicus, Baxter Healthcare) and the integral MNC computer software program to collect a variety of
MNC subsets. The collection efficiency (CE) of the Amicus for these MNC subsets was compared to
that of another cell separator (CS-3000 Plus, Baxter). The collected MNCs were also assayed ex vivo to
determine if these cells remained functional. STUDY DESIGN AND METHODS: Healthy volunteer
blood donors were recruited to provide PBMNCs for the isolation of CD3+, CD4+, CD8+, CD19+, NK,
and gammadelta+ cells and monocytes. Cells were collected with an Amicus (test arm; n = 16) or aCS-
3000 Plus (control arm; n = 11) cell separator. Cells were counted on a flow cytometer and CEs were
calculated. For functional studies, the Amicus-collected MNC data were compared to CS-3000 Plus
historical data. Functional studies performed included surface antigen expression assays (CD8+),
proliferation assays (CD4+ and CD8+ cells), NK cytotoxicity assays for K562 and HUVE cells, and E-
selectin induction on endothelial cells through NK+ contact dependency. Dendritic cells (DCs) were
generated from CD34+ cells collected on the Amicus, positively selected by the use of antibody-bound,
magnetic bead technology, and then cultured ex vivo with a combination of growth factors to generate
the DCs. RESULTS:. CEs were higher on the Amicus than on the CS-3000 Plus for CD3+ (68 vs. 54%)),
CD4+ (70 vs. 56%), CD8+ (68 vs. 52%), and CD19+ (60 vs. 48%) cells (p<0.05). For the two
separators, CEs were equivalent for monocytes, NK+, and gammadeltat cells. The Amicus separator
collected significantly fewer platelets than did the CS-3000 Plus (p<0.00001). CD4+, CD8+, and NK
cells proliferated normally. NK cells appropriately stimulated E-selectin expression on endothelial cells.
Culture-generated DCs obtained by using Amicus-collected CD34+ cells expressed appropriate cell
surface markers. CONCLUSION: The Amicus separator is acceptable for the collection of PBMNC
subsets. The device collects CD3+, CD4+, CD8+, and CD19+ T- and B-cell subsets with greater
efficiency and collects MNCs with significantly fewer contaminating platel ets than does the CS-3000
Plus. Cells gollected on the Amicus are suitable for use in avariety of research and clinical



immunobiologic studies.

Soos K, Vakusz Z, Vetro O, Juhasz A, Petri A, Molnar G, Molnar J, Galfi M. Primary mono-layer cell
culturesas model system for studying of environmental toxic agents. organochlorine compounds.
Cent Eur J Public Health 2000;8 Suppl:35-6.

Abstract: Organic pollution of water and soil has various harmful effects on biological systems (1).
Chlorine substituted benzol compounds are one these xenobiotic substances, which are toxic to the
environment (2). They can also accumulate in plant and animal tissues (3), which provides ample reason
to study the effects of sublethal doses of chloro-benzols on various cell cultures. In this study the toxic
effects of chloro-benzols were investigated on avian fibroblast and mammalian hepatocyte cultures. The
fibroblast cultures were prepared from eggs preadapted to chloro-benzol during afourteen-day-long
incubation period. The Wistar rat hepatocyte monolayer cultures were exposed to a direct treatment of
1,2,4-tri-chloro-benzol (0.01 microgram/ml-1 microgram/ml) for 3 hours. Following the treatment with
chloro-benzal, the viahility of the cells was measured, together with lactic dehydrogenase activity, in
both kinds of cultures. The effect of tri-chloro-benzol treatment on chicken eggs was not significant. The
cells of chicken embryos were not damaged after the 1,2,4-tri-chloro-benzol treatment. The hepatocyte
cultures showed the toxic effects of 1,2,4-tri-chloro-benzol after the direct and acute treatment. The cell
viahility decreased and the LDH activity increased significantly. These results show that the primary cell
cultures are suitable for studying the effects of organochlorine compounds.

Turco L, De Angelis |, Stammati A, Zucco F. Apoptosis evaluation in epithelial cells exposed to
different chemicals: relevance of floating cells. Cell Biol Toxicol 2000;16(1):53-62.

Abstract: The recent increase in understanding of cell death has promoted new approachesin
toxicological studies, mainly those dealing with in vitro systems where the evaluation of cell death has
been the most widely adopted end-point in measuring the effects of chemical toxicants. The aim of this
study was to investigate the possibility of improving the traditional cytotoxicity test protocolsin order to
produce more specific information on the type of cell death induced by exposure to toxicants. In
parcticular, we characterized the mode of cell death in an established epithelial cell line, HEp-2 cells,
which is frequently used in cytotoxicity testing owing to its easy handling and standardization of culture
conditions. Reference chemicals for apoptosis and necrosis were selected as controls, together with other
molecules that have been shown, in preliminary studies, to induce various morphologica and structural
modifications in relation to cell death. The results obtained show that: (a) the floating fraction of treated
cells gives the clearest picture of the necrotic/apoptotic distribution; (b) morphological analysisis crucial
for characterization of apoptosis; (¢) more than one cytotoxic end-point is necessary to clearly identify
the type of cell death.

Ulrichova J, Dvorak Z, Vicar J, LataJ, SmrzovaJ, Sedo A, Simanek V. Cytotoxicity of natural
compoundsin hepatocyte cell culture models. The case of quaternary benzo[c]phenanthridine
alkaloids. Toxicol Lett 2001;125(1-3):125-32.

Abstract: The quaternary benzo[c]phenanthridine alkaloids (QBA) produce a plethora of species- and
tissue-specific effects but the molecular basis of their biological activities remain mysterious. The
objective of the present study was to investigate the cytotoxicity of QBA akaloids, sanguinarine (SA),
chelerythrige (CHE), fagaronine (FA), and the extract from Macleaya cordata in primary cultures of



human and porcine hepatocytes. The cellular damage was assessed by the MTT assay, lactate
dehydrogenase (LDH) leakage and the determination of intracellular glutathione (GSH) levels. The
results are summarised as follows: (i) The alkaloids tested in doses 0.1 and 10 & mgr;M did not display
statistically significant cytotoxicity for 0-3 h incubation; (ii) SA and CHE showed the dose- and time-
dependent toxicity within the range 25-100 & mgr;M whereas FA was not toxic; (iii) the LDH leakage
into the medium was higher for SA than for CHE, thus revealing a potent potential of SA to disturb cell-
membrane integrity; (iv) after 3 h incubation with 100 & mgr;M SA/CHE, mitochondrial dehydrogenase
activity (MTT assay) and the cellular GSH levels decreased to residual values of about 40% suggesting
that mitochondria are unlikely to be a primary target for SA/CHE in the cell; (v) no differences were
found in the response to QBA application in human vs porcine hepatocyte.

Van Den Heuvel RL, Leppens H, Schoeters GE. Use of in vitro assays to assess hematotoxic effects of
environmental compounds. Cell Biol Toxicol 2001;17(2):107-16.

Abstract: The number of chemicals being introduced into the environment increases and many of these
substances may pose a health risk to exposed individuals. Many environmental toxicants with a potential
toxicity to the hematopoietic system have been identified by animal experiments. Owing to the risks of
severe chronic hematopoietic disorders, it is important to screen chemicals for their hematotoxicity. The
aim of thiswork wasto identify, through the use of in vitro techniques, targets for hematotoxic effects.
Our study focused on myeloid and erythroid hematopoietic progenitors and stromal stem cells as
possible targets. The in vitro assays showed that various hematotoxic compounds exert different effects
on these cell populations. In vitro exposure of murine bone marrow cells to various inorganic (cadmium,
lead) and organic (benzene metabolites, lindane. benzo-[a]-pyrene (BaP), PCB (polychlorinated
biphenyl) congeners) environmental chemicals indicated that hematopoietic or stromal bone marrow
cells were targets for most of the chemicals. Stromal cells were more affected by lead, cadmium, and
BaP compared to myeloid cells. Benzene and phenol gave no response, but the metabolites catechol and
hydroquinone were equally toxic to the stromal and the myeloid progenitor cells. Among the PCBs
tested, PCB126 was most toxic. Human progenitor cells derived from cord blood were exposed in vitro
to catechol, hydroguinone, lead nitrate, and PCBs. Human hematopoietic cells were sensitive to the
tested compounds. Human erythroid progenitors are more susceptible to lead exposure than are myeloid
progenitors. Based on the in vitro tests, humans are more sensitive to lead, catechol, and PCB126 than
are mice. In contrast to the murine data, humans responded with individual differencesto lead and
PCB126.

van Wyk CW, Olivier A, Maritz JS. Cultured pulp fibroblasts: arethey suitablefor in vitro
cytotoxicity testing? J Oral Pathol Med 2001;30(3):168-77.

Abstract: The use of cell culturesto test the biocompatibility of dental materialsis gaining in
importance. Any cytotoxic effects that restorative materials may have will be on the dental pulp and for
that reason cultured pulp cells should be the model of choice for biocompatibility testing. The aim of
this investigation was to study the growth and morphol ogic characteristics and toxic response of human
pulp lines and to compare these parameters to those of human buccal mucosa fibroblasts. Twenty-one
specimens of pulp tissue and six from buccal mucosa were cultured using standard techniques. Six pulp
cell lines were cultured successfully as were al six from the buccal mucosa specimens. From these
specimens, 12 growth curves were computed. To study the morphology of the cultured cells, they were



observed microscopically and classified into three morphological types: slender elongated cells (typel),
epithelioid shaped cells (type Il) and large stellate cells (type [11). Their numbers and proportions were
determined for each cell line and compared statistically. To gauge sensitivity to toxic materials, cells
were exposed to concentrations of arecoline. An analysis of the growth curves showed no statistical
difference between pulp cells and buccal mucosa cells; the slopes of the curves, however, differed
significantly between individual cell lines, and these individual differences were greater among pulp cell
lines. The morphology of the pulp and mucosa fibroblasts was similar microscopically. There was no
significant difference between the number and proportion of the cell typesin the two groups, but there
were significant differences between the individual cell lines. Pulp cells showed a greater inhibition of
growth when exposed to arecoline. Because pulp fibroblasts are difficult to culture, their reported
survival rate is poor; due to the differences that exist between individual cell lines, we conclude that
pulp cells when used as single cell lines or even pooled may not be ideal for testing biocompatibility,
especialy if reproducibility is a prerequisite. Any evaluation will require tests on not one, but several
cell linesin order to minimize the effect of inter-cell-line differences. Their greater sensitivity to toxic
substances, on the other hand, may show that pulp cells could be more sensitive indicators of
cytotoxicity.

Wilson MR, Stone V, Cullen RT, Searl A, Maynard RL, Donaldson K. I n vitro toxicology of
respirable Montserrat volcanic ash. Occup Environ Med 2000;57(11):727-33.

Abstract: OBJECTIVES: In July 1995 the Soufriere Hills volcano on the island of Montserrat began to
erupt. Preliminary reports showed that the ash contained a substantial respirable component and alarge
percentage of the toxic silica polymorph, cristobalite. In this study the cytotoxicity of three respirable
Montserrat volcanic ash (MVA) samples was investigated: M1 from a single explosive event, M2
accumulated ash predominantly derived from pyroclastic flows, and M3 from a single pyroclastic flow.
These were compared with the relatively inert dust TiO(2) and the known toxic quartz dust, DQ12.
METHODS: Surface area of the pArticles was measured with the Brunauer, Emmet, and Teller (BET)
adsorption method and cristobalite content of MV A was determined by x ray diffraction (XRD). After
exposure to pArticles, the metabolic competence of the epithelial cell line A549 was assessed to
determine cytotoxic effects. The ability of the pArticles to induce sheep blood erythrocyte haemolysis
was used to assess surface reactivity. RESULTS: Treatment with either MV A, quartz, or titanium
dioxide decreased A549 epithelial cell metabolic competence as measured by ability to reduce 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT). On addition of mannitol, the cytotoxic
effect was significantly less with M1, quartz, and TiO(2). All MV A samples induced a dose dependent
increase in haemolysis, which, although less than the haemolysis induced by quartz, was significantly
greater than that induced by TiO(2). Addition of mannitol and superoxide dismutase (SOD) significantly
reduced the haemolytic activity only of M1, but not M2 or M3, the samples derived from predominantly
pyroclastic flow events. CONCLUSIONS: Neither the cristobalite content nor the surface area of the
MV A samples correlated with observed in vitro reactivity. A role for reactive oxygen species could only
be shown in the cytotoxicity of M1, which was the only sample derived from a purely explosive event.
These results suggest that in general the bioreactivity of MV A samplesin vitro islow compared with
pure quartz, but that the bioreactivity and mechanisms of biological interaction may vary according to
the ash source.
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Y amamoto O, Hamada T, Tokui N, Sasaguri Y. Comparison of threein vitro assay systems used for
assessing cytotoxic effect of heavy metals on cultured human keratinocytes. JUOEH 2001;23(1):35-
44,

Abstract: The cell viability assay using cultured cellsis of great advantage to elucidate the biological
effect of potentially toxic substances. Recently, a novel assay system, Tetracolor One cell proliferation
assay (Setkagaku Co., Tokyo, Japan), has been developed. In this report, we compare the results of the
Tetracolor One assay regarding the cytotoxic effect of three heavy metal salts on cultured adult
keratinocytes to those of the neutral red dye uptake assay and the MTT eluted stain assay. In this study,
these three methods showed almost similar results. Compared to the other two methods, however, the
Tetracolor One assay, which requires only one-step procedure before spectrophotometric measurement,
Is easier to use, and errors in measurement, which may be produced through the multistep procedure, are
much lessin this assay. Therefore, we believe that the Tetracolor One assay system is useful for
assessing the cytotoxic effect of heavy metals on cultured human keratinocytes.

Zuang V. Theneutral red release assay: areview. Altern Lab Anim 2001;29(5):575-99.

Abstract: The neutral red release (NRR) assay is a cytotoxicity test that can be used to measure the
immediate toxic effects of test substances on the cell membrane, resulting in the leaking of intracellular
contents. The assay has already been used for severa years to evaluate the cytotoxicities of various
kinds of products, such as cosmetics, pharmaceuticals, industrial chemicals and household products. It
has undergone in-house validation by many companies, and has been found to be parcticularly useful for
identifying substances that are potentially capable of causing adverse reactions on coming into brief
contact with the eye or the skin at relatively high concentrations, such as might occur in an adventitious
splash into the eye or onto the skin, followed by a quick rinse. Because of the relatively long existence
of the NRR assay, its practicality and its proven usefulness for parcticular purposes, ECVAM decided to
review the status of the method, in order to decide whether prevalidation and formal validation studies
on the test might be profitable. The review of the status of the test was carried out by performing a
comprehensive review of the literature, and by conducting a survey involving companies and institutes
with experience in using the test. Both the review and the survey revealed that the assay could provide
extremely valuable information when it was used for parcticular purposes, such as for the evaluation and
comparison of immediate toxic effects on the eye or the skin caused by certain products or chemicals
such as surfactants. Most of those who responded in the survey favoured a prevalidation/validation study.

DERMAL TOXICITY

Arrighi JF, Rebsamen M, Rousset F, Kindler V, Hauser C. A critical rolefor p38 mitogen-activated
protein kinase in the maturation of human blood-derived dendritic cellsinduced by
lipopolysaccharide, TNF-alpha, and contact sensitizers. J Immunol 2001;166(6):3837-45.

Abstract: We investigated the involvement of mitogen-activated protein kinases (MAPKS) in the
maturation of CD83(-) dendritic cells (DC) derived from human blood monocytes. Maturating agents
such as LPS and TNF-alphainduced the phosphorylation of members of the three families of MAPK
(extracellular signal-regulated kinase 1/2, p46/54 c-Jun N-terminal kinase, and p38 MAPK). SB203580,
an inhibitor of the p38 MAPK, but not the extracellular signal-regulated kinase /2 pathway blocker
PD98059, iphibited the up-regulation of CD1a, CD40, CD80, CD86, HLA-DR, and the DC maturation



marker CD83 induced by LPS and TNF-alpha. In addition, SB203580 inhibited the enhancement of the
allostimulatory capacity and partially prevented the down-regulation of FITC-dextran uptake induced by
LPS and TNF-alpha. Likewise, SB203580 partially prevented the up-regulation of IL-1alpha, IL-1beta,
IL-IRa, and TNF-alpha mRNA upon stimulation with LPS and TNF-alpha, aswell as the release of
bioactive TNF-alphainduced by LPS. DC maturation induced by the contact sensitizers 2,4-
dinitrofluorobenzene and NiSO(4), as seen by the up-regulation of CD80, CD86, and CD83, was also
coupled to the phosphorylation of p38 MAPK, and was inhibited by SB203580. The irritants SDS and
benzalkonium chloride that do not induce DC maturation did not trigger p38 MAPK phosphorylation.
Together, these data indicate that phosphorylation of p38 MAPK is critical for the maturation of
immature DC. These results also suggest that p38 MAPK phosphorylation in DC may become useful for
the identification of potential skin contact sensitizers.

Asbill C, Kim N, El-Kattan A, Creek K, Wertz P, Michniak B. Evaluation of a human bio-engineered
skin equivalent for drug per meation studies. Pharm Res 2000;17(9):1092-7.

Abstract: PURPOSE: To test the barrier function of a bio-engineered human skin (BHS) using three
model drugs (caffeine, hydrocortisone, and tamoxifen) in vitro. To investigate the lipid composition and
microscopic structure of the BHS. METHODS: The human skin substitute was composed of both
epidermal and dermal layers, the latter having a bovine collagen matrix. The permeability of the BHS to
three model drugs was compared to that obtained in other percutaneous testing models (human cadaver
skin, hairless mouse skin, and EpiDerm). Lipid analysis of the BHS was performed by high performance
thin layered chromatography. Histological evaluation of the BHS was performed using routine H& E
staining. RESULTS:. The BHS mimicked human skin in terms of lipid composition, gross ultrastructure,
and the formation of a stratum corneum. However, the permeability of the BHS to caffeine,
hydrocortisone, and tamoxifen was 3-4 fold higher than that of human cadaver skin. CONCLUSIONS:
In summary, the results indicate that the BHS may be an acceptable in vitro model for drug permeability
testing.

Barany E, Lindberg M, Loden M. Unexpected skin barrier influence from nonionic emulsifiers. Int J
Pharm 2000;195(1-2):189-95.

Abstract: Skin disorders are often treated with creams containing various active substances. The creams
also contain emulsifiers, which are surface-active ingredients used to stabilize the emulsion. Emulsifiers
are potential irritants and in the present study the influence of stearic acid, glyceryl stearate, PEG-2, -9, -
40, and -100 stearate, steareth-2, -10 and -21 on normal aswell ason irritated skin have been evaluated
with non-invasive measurements. Test emulsions were created by incorporating 5% emulsifiersin a
water/mineral oil mixture (50:50). The emulsions and their vehicle were then applied to normal skin for
48 h and to sodium lauryl sulfate (SLS) damaged skin for 17 h in aluminum chambers. Twenty-four
hours after removal of the chambers the test sites were evaluated for degree of irritation. In normal skin,
the emulsifiersinduced significant differencesin TEWL but not in skin blood flow. Five of the
emulsifiersincreased TEWL. In SLS-damaged skin an aggravation of the irritation was expected.
However, no differences regarding skin blood flow was noted from the emulsifiers. Furthermore, three
emulsifiers unexpectedly decreased TEWL. These results highlight the possibility of absorption of these
emulsifiersinto the lipid bilayer, which increase TEWL in normal skin and decrease TEWL in damaged
skin.
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Bauerova K, Kassal Z, Koprda V, Harangozo M. Contribution to the penetration of radionuclides
acr oss the skin. Concentration dependence of strontium through the skin in vitro. J Appl Toxicol
2001;21(3):241-3.

Abstract: Toxicological studies of radionuclide passage across the skin, which represents a crucial
barrier of radiation, are important for ensuring the quality of the environment. Both (137)Cs and (90)Sr
are most frequently involved in radionuclide contamination of the human body. In our study, we selected
(90)Sr because this radionuclide is chemically very close to the bio-element calcium. The permeation of
(90)Sr from donor solution across the intact skin of 5- or 9-day-old rats (5DR, 9DR) and across stripped
and split skin of the 5DR was studied. The experiments in vitro were carried out using vertical diffusion
cells. Strontium chloride (SrCl(2)) was used as carrier in the donor solution in different concentrations.
Liquid scintillation spectrometry was applied for radiation detection. The experiments showed that: the
permeated fraction of (90)Sr(2+) wasindirectly proportional to the carrier concentration in the donor
solution; the stratum corneum was found to be the principal penetration barrier of strontium; and in the
case of the 9DR the dominant route of strontium penetration was along the follicles. Copyright 2001
John Wiley & Sons, Ltd.

BlahaM, Bowers W Jr, Kohl J, DuBose D, Walker J, Alkhyyat A, Wong G. Effectsof CEESon
inflammatory mediators, heat shock protein 70A, histology and ultrastructurein two skin models.
JAppl Toxicol 2000;20 Suppl 1:S101-8.

Abstract: Chemical warfare threats require the development of diverse models for the assessment of
countermeasures. Human skin products, Skin2 (differentiating keratinocytes on a fibroblast-collagen
matrix) and EpiDerm (differentiating keratinocytes) were exposed (2 h) to the sulfur mustard 2-
chloroethyl ethyl sulfide (CEES, 1-2 mg I(-1) min(-1)) in humidified air or to humidified air aone.
Tissues were evaluated histologically, ultrastructurally and for viability 22 h later; media and tissues
were aso analyzed for inflammatory mediators. Histology showed that CEES induced the separation of
dermal and epidermal regionsin Skin2 with severe damage to basal keratinocytes. Histology and
electron microscopy of both products revealed condensation of nuclear chromatin, retraction of spinous
processes, collapse of the tonofibrillar network and cytoplasmic vacuolization and blebbing in those
cellswith loss of pseudobasement membrane integrity. Exposure of Skin2 to CEES increased
extracellular interleukin-1alpha (1L-1alpha), prostaglandin-E2 (PGE2) and especially IL-1 receptor
antagonist (IL-1Ra) release (56,334 vs 84,614 pg mi(-1)), but decreased interleukin-6 (IL-6, 4,755 vs
351 pg mi(-1)). Exposure of EpiDerm to CEES led to unaffected extracellular and reduced intracelluar
IL-1alpha (371 vs 92 pg mi(-1)). Extracellular IL-1Ra greatly increased (2,375 vs 24,875 pg mi(-1)),
whereas cellular levels decreased (16,5425 vs 96,625 pg mi(-1)). Extracellular (224 vs 68 pg ml(-1)) and
intracellular (485 vs 233 pg ml(-1)) soluble interleukin-1 receptor H (sIL-1RII) decreased.
Prostanglandin E2 increased (1,835 vs 2,582 pg ml(-1)), whereas heat shock protein 70A (Hsp70A)
remained statistically unchanged (57,000 vs 96,000 pg mi(-1)). Failure to obtain a heat shock response
to CEES may contribute to the susceptibility of tissue to the alkylating agent. Consistent and marked
responses of cellular and extracellular IL-1Rato CEES suggest a potential for use as a tissue status
marker and primary antiinflammatory regulator in skin.

Blotz A, Mgghel L, Moysan A, Blumel J, Dubertret L, Ahr HJ, Vohr HW. Analyses of cutaneous



fluor oquinolones photor eactivity using the integrated model for the differentiation of skin
reactions. J Photochem Photobiol B 2000;58(1):46-53.

Abstract: Currently available test models for the differentiation of photoallergic and photoirritant
reactions are extremely time consuming and the protocols are very heterogeneous. In vitro tests are of
proven value in predicting irritant or toxic effects, but these tests fail to predict chemical-induced
alergic side effects. We developed test systems for this endpoint which is not easily detected by existing
assays. In a previous publication we were able to discriminate between a contact sensitizer and askin
irritant with a combination of primary ear swelling analysis and cell counting of the ear-draining lymph
nodes [Toxicol. Appl. Pharm. 153 (1998) 83; Arch. Toxicol. 73 (2000) 501]. This combination of tests
was called the Integrated Model for the Differentiation of chemical-induced allergic and irritant Skin
reactions (IMDS). In addition, it had been shown before that inclusion of UV irradiation in the local
lymph node assay enables discrimination of photoallergic from photoirritant reactions after dermal
application [Photodermatol. Photoimmunol. Photomed. 10 (1994) 57]. Because of the fact that
fluoroguinolones are known to induce photoreactions after oral but not dermal treatment, the aim of the
present study was to apply the IMDS for the fast and reliable differentiation of photoreactions due to
fluoroguinolones after oral treatment. Enoxacin, lomefloxacin, ofloxacin, sparfloxacin and BAY y 3118
were tested in this system. We found a good correlation between the results of UV light-irradiated IMDS
and a guinea pig model with the quinolones as far as photoirritancy was concerned. This holds true also
for the photoallergic standard olaquindox and the photoirritant standard 8-methoxypsoralen. However, in
contrast to the guinea pig assays the IMDS is fast and extremely predictive for the risk of both
photosensitization and photoirritancy depending on the route of exposure. Thus, the UV light-irradiated
IMDS turned out to be a good tool for the preclinical risk assessment procedure in terms of
discriminating photoreactions. In addition, flow cytometric analyses were used to underline the fact that
antigen-independent activation occurred after the induction of photoirritant reactions.

Bodin A, Shao LP, Nilsson JL, Karlberg AT. Identification and allergenic activity of

hydr oxyaldehydes - a new type of oxidation product from an ethoxylated non-ionic surfactant.
Contact Dermatitis 2001;44(4):207-12.

Abstract: Ethoxylated alcohols, which are widely used as surfactants, are susceptible to oxidation on air
exposure. A complex mixture of oxidation products is formed, among which alkylated aldehydes,
alkylated formates, formaldehyde and peroxides have previously been identified by our group. In the
present study, we have identified a new class of oxidation product from the nonionic ethoxylated
surfactant C12E5. These oxidation products are highly water-soluble hydroxyaldehydes with the genera
formulaHO(CH2CH20)nCH2CHO, n=1-4. To facilitate the identification of the hydroxyaldehydesin
oxidized C12ES5, reference compounds were synthesized. The sensitizing potential of 1 of the identified
hydroxyal dehydes, HO(CH2CH20)3CH2CHO, was studied in guinea pigs and was found to be weak. A
significant cross-reactivity between this aldehyde and the next shorter homologue, HO(CH2CH20)
2CH2CHO, was observed. Irritant components, present in the oxidation mixture, facilitate the skin
penetration of alergens, which further accentuates the importance of controlling the conditions of
storage and handling of ethoxylated surfactants, to reduce the formation of alergenic and irritant
oxidation products.

BoelsmaE,Gibbs S, Faller C, Ponec M. Characterization and comparison of reconstructed skin



models: mor phological and immunohistochemical evaluation. Acta Derm Venereol 2000;80(2):82-8.
Abstract: Reconstructed human skin equivalents are currently being investigated as in vitro models for
the prediction of human skin toxicity and irritation responses. Three different industrial reconstructed
skin models (EpiDerm, Episkin and SkinEthic) and one in-house equivalent were characterized and
compared using light microscopy, immunohistochemistry and reduction of (3-[4,5-dimethylthiazole-2-
yl]-2,5-diphenyl tetrazolium bromide) (MTT). Their inter- and intra-batch variation was eval uated.
Histological examination showed a completely stratified epithelium in all skin models, which closely
resembled normal human epidermis. Low intra-batch variation in tissue architecture was observed in all
skin models, but moderate to considerable inter-batch variation was noticed. Evaluation of the
expression and localization of a number of differentiation-specific protein markers revealed that al skin
models showed an aberrant expression of keratin 6, skin-derived antileukoproteinase, small prolinerich
proteins, involucrin and transglutaminase. Although variation within batches was low, in parcticular
keratin 6, involucrin and skin-derived antileukoprotei nase expression demonstrated some inter-batch
variation. Reduction of MTT in vehicle-treated cultures showed high similarities between skin models,
but marked differences were observed when 1.0% sodium lauryl sulfate was applied topically for 3 or 16
h. Most pronounced effects were noticed in SkinEthic cultures. Intra-batch variations were low and
moderate variations were observed between batches. All skin models tested reproduced many of the
characteristics of normal human epidermis and therefore provide a morphologicaly relevant in vitro
means to assess skin irritation and other skin-related studies.

Cotovio J, Onno L, Justine P, Lamure S, Catroux P. Generation of oxidative stressin human
cutaneous models following in vitro ozone exposure. Toxicol In Vitro 2001;15(4-5):357-62.
Abstract: Ozone, one of the main components of photochemica smog, represents an important source of
environmental oxidative stress. The skin, being the outermost barrier of the body, is directly exposed to
environmental oxidant toxicants. Skin sebum and cellular plasma membrane lipids contain
polyunsaturated fatty acids which are primary targets for ozone and free radical attack induced lipid
peroxides. These ozonation processes in skin can also generate aldehydes, hydroxyhydroperoxides and
specific Criegee's ozonides. In order to evaluate in vitro human skin susceptibility to ozone, we have
exposed cultured immortalized human keratinocytes (DK 7-NR) and the reconstructed human epidermis
Episkin(R) to 10 ppm of ozone in a specific incubator. We measured the formation of protein carbonyls
by an ELISA method and monitored the oxidative stress using the fluorogenic probe 2',7'-
dichlorofluorescin-diacetate (DCFH-DA). Results showed a time-dependent increase of fluorescence
levels (linked to oxidative stress) in both models exposed to ozone. Using this protocol, we investigated
the protective potential of different productsincluding vitamin C, athiol derivative and a plant extract.
All products dramatically reduced oxidative responses during ozone exposure. Decreases observed in
fluorescence levels were between 60 and 90% as compared to non-protected controls. These results
demonstrate: (a) cutaneous in vitro models are remarkably susceptible to oxidative stress generated by
an environmental air pollutant as ozone, and (b) raw antioxidants, thiols and vitamin C were efficient
products to prevent ozone induced cellular oxidative damage.

Dahl JE, Polyzois GL. Irritation test of tissue adhesivesfor facial prostheses. J Prosthet Dent 2000;84
(4):453-7.
Abstract: STATEMENT OF PROBLEM: Adhesives are commonly used to improve the retention of a



facia prosthesisto the skin. Although no requirement exists for facia prosthetic adhesives, an adhesive
should be nonirritating and nontoxic. PURPOSE: This study assessed the irritative potential of facia
prosthetic adhesives by using an in vitro technique for detection of eye-irritating chemicals.
MATERIAL AND METHODS: Ten adhesives were evaluated by the hens egg test chorioallantoic
membrane method. Adhesives were applied to the chorioallantoic membrane in fertilized hen eggs, and
the membrane examined by a photomacroscope for injury to the blood vessels. The average irritation
score was calculated from the recorded times for the debut of hemorrhage, lysis, and coagulation, and
the products were classified as being non, slight, moderate, or strong irritants, based on the irritation
score. RESULTS: The predominant injury to the membrane was coagulation of blood vessels, and the
exposure time needed to initiate the reaction was dependent on the composition of the product. Four
products were classified as strong irritants, 1 as moderate, and the remaining 5 as slight or nonirritant.
CONCLUSION: On the basis of atest for eyeirritation, theirritant potential of tissue adhesives varied
from non to severe. The most severe reactions were mainly seen in products containing the solvent ethyl
acetate.

Fentem JH, Briggs D, Chesne C, Elliott GR, Harbell W, Heylings JR, Portes P, Roguet R, van de Sandt
JJ, Botham PA. A prevalidation study on in vitro testsfor acute skin irritation. resultsand
evaluation by the Management Team. Toxicol In Vitro 2001;15(1):57-93.

Abstract: A prevalidation study on in vitro tests for acute skin irritation was conducted during 1999 and
2000. The overall objective of validation in this area, of which this prevalidation study is an initial stage,
isto identify tests capable of discriminating irritants (1) from non-irritants (NI), as defined according to
European Union (EU) risk phrases ("R38"; no classification) and the harmonised OECD criteria
("lrritant™; no label). This prevalidation study specifically addressed aspects of: protocol refinement
(phase ), protocol transfer (phase 1), and protocol performance (phase 111), in accordance with the
prevalidation scheme defined by the European Centre for the Validation of Alternative Methods
(ECVAM). Thetests evaluated were: EpiDerm (phases|, 11 and 111), EPISKIN (phases|, Il and 111),
PREDISKIN (phases | and I, and additional protocol refinement), the non-perfused pig ear method
(phases | and 11, and additional protocol refinement), and the mouse skin integrity function test (SIFT;
phases| and I1). Modified, standardised test protocols and well-defined prediction models were available
for each of the tests at the end of phase |. The results of phase | (intralaboratory reproducibility) were
sufficiently promising for all of the teststo progress to phase 1. Protocol transfer between the Lead
Laboratory and Laboratory 2 was undertaken for all five tests during phase |1, and additional
refinements were made to the test protocols. For EpiDerm, EPISKIN and the SIFT, the intralaboratory
and interlaboratory reproducibilities were acceptable; however, better standardisation of certain aspects
of the test protocols was needed prior to commencing phase I11. Neither PREDISKIN nor the pig ear test
performed sufficiently well in phase Il to progress to phase I11. The PREDISKIN protocol was overly
sensitive, resulting in the prediction of al the NI chemicalsas|. The variability in the pig ear test results
was too great, indicating that the test would show limited predictive ability. In additional studies (a
repeat of phase ), further modification of the PREDISKIN protocol and a change in the prediction
model considerably improved the ability of the test to distinguish | from NI chemicals. However,
attempts to improve the intralaboratory reproducibility of the pig ear test were unsuccessful. In phase I11
an initial assessment of the reproducibility and predictive ability, in three independent laboratories per
test, was ur;gertaken for the EpiDerm and EPISKIN tests (the SIFT was alate inclusion in the



prevalidation study, and is being evaluated in a separate phase 111 study). A set of 20 coded chemicals
(101, 10 NI) were tested with the final, refined, test protocols. The intralaboratory reproducibility was
acceptable for both EpiDerm and EPISKIN. The interlaboratory reproducibility was considered to be
acceptable for EPISKIN; however, for EpiDerm, analysis of variance (ANOVA) indicated that there was
astatistically significant laboratory effect on the overall variability, suggesting that the interlaboratory
transferability of the test needsto be improved. The EpiDerm test had an overall accuracy of 58%, with
an over-prediction rate of 37% and an under-prediction rate of 47%. The EPISKIN test had an overall
accuracy of 58%, showing an under-prediction rate of 23% and an over-prediction rate of 60%. Itis
concluded that, as yet, none of the tests evaluated in this prevalidation study are ready for inclusionin a
formal validation study on in vitro tests for acute skin irritation. Overall protocol performance of the
SIFT iscurrently being evaluated in a phase |11 study. Further studies are also in progress to improve the
test protocols and prediction models for EpiDerm and EPISKIN.

Fuchs J, Groth N, Herrling T. In vitro and in vivo assessment of theirritation potential of different
spin trapsin human skin. Toxicology 2000;151(1-3):55-63.

Abstract: No clinical data are available on the acute cutaneous toxicity of spin traps which are frequently
used in combination with the electron paramagnetic resonance (EPR) technique for detection of free
radicals and reactive oxygen/nitrogen species. The purpose of this study was to evaluate the acute
dermatotoxicity of the following spin traps in human skin: C-phenyl-N-tert.-butyl nitrone (PBN), C-(4-
pyridinyl-N-oxide)-N-tert.-butylnitrone (POBN), 5, 5-dimethyl-I-pyrroline-N-oxide(DMPO), 5
diethoxyphosphoryl-5-methyl-I-pyrroline-N-oxide (DEPMPO), diethyldithiocarbamate (DDC) and N-
methyl-D-glucamine dithiocarbamate (MGD). The corrosivity of the test substances was first assessed in
human skin in vitro by measurement of transcutaneous electrical resistance (TER). In thisassay al spin
traps were non-corrosive at 500 mM concentration. Subsequently cutaneous irritation of the spin traps
was determined at different concentrations (50, 250 and 500 mM) in human skin according to aroutine
four h human patch test in comparison to the standardized irritant sodium laurylsulfate (SLS, 20%). The
response was evaluated clinically as well as by a biophysical method analyzing transepidermal water
loss (TEWL). PBN and DEPM PO caused atransient and weak inflammatory reaction at 500 mM in four
of 17 and in two of 17 volunteers, respectively. DMPO, POBN, DDC, MGID, and the iron complexes of
DDC and MGD were clinically non-irritant at all concentrations tested and no delayed-acute
inflammatory reactions were observed. However, the TEWL values were significantly increased by all
spin traps except DM PO at 500 mM, indicating disturbed epidermal barrier function. We conclude that
the spin traps investigated have alow potential to cause acute skin toxicity and may be used safely for in
vivo EPR studies in human skin.

Gabard B, Chatelain E, Bieli E, Haas S. Surfactant irritation: in vitro corneosurfametry and in vivo
bioengineering. Skin Res Technol 2001;7(1):49-55.

Abstract: BACKGROUND/AIMS: Irritant reactions to surfactants, cleansing products, soaps and
detergents are common in clinical and occupational dermatology. Mildness has become a major benefit
claimed, and testing for mildness now ranks among the first concerns of the manufacturing industry. A
wealth of publications deals with this problem, trying to improve the methodol ogy, reduce the costs of
testing and facilitate decision-making. Differences in vivo can be measured clinically and/or
instrumentglly. Thisis difficult, as commercially available products are generally safe to use and none



are harsh in the absolute sense. METHODS: Nineteen different products (syndets, shampoos, personal
cleansers), al claiming to be mild, were tested in vitro by a newly introduced method, corneosurfametry.
For evaluating the aggressiveness of the products, the calculation of an index of irritation (101) was
proposed. A concentration-effect curve of sodium lauryl sulfate (SLS) as standard and model surfactant
was obtained. Some of the products were further tested in vivo with a flex wash test and with a soap
chamber test and compared to SL S. Bioengineering methods (transepidermal water loss TEWL, skin
color) were used to evaluate the results. RESULTS AND CONCLUSIONS: The results of the
corneosurfametry allowed us to classify the products in three categories, with increasing aggressiveness
towards the stratum corneum, according to their 10Is. Thein vivo tests were not able to discriminate
between the products, but ranks from the results of the bioengineering measurements showed a good
correlation between TEWL changes, but not between colour changes, and |Ols from corneosurfametry.
Corneosurfametry emerged as a simple, low-cost and fast method for ranking commercial products
according to their mildness. However, the skin bioengineering techniques showed that some products
could lead to skin reactions, such as erythema, that could not be detected by the in vitro technique.

Gerberick GF, Robinson MK. A skin sensitization risk assessment approach for evaluation of new
ingredients and products. Am J Contact Dermat 2000;11(2):65-73.

Abstract: Skin sensitization risk assessment of new ingredients or products is critical before their
introduction into the marketplace. The risk assessment process described in this Article involves
evaluation of skin sensitization hazard, consideration of al potential human exposures, comparative
ingredient/product benchmarking, and, when appropriate, the management of therisk. In this Article, a
risk assessment process is reviewed along with a description of the risk assessment tools that are
employed for evaluating a new ingredient or product. The basic process we use for evaluating the skin
sensitization risk of anew product or ingredient is considered a no effect/safety factor approach. The
tools used for conducting a risk assessment include structure activity relationship analysis, exposure
assessment, preclinical testing (e.g., local lymph node assay [LNNA]) and clinical testing (e.g., human
repeat insult patch testing [HRIPT]). The skin sensitization risk assessment process described in this
paper has been used successfully for many years for the safe introduction of new productsinto the
marketplace. This processis dynamic--it can be applied to adiversity of product categories (e.g.,
shampoo, transdermal drug). In summary, the skin sensitization risk assessment process described in this
Article allows one to carefully assess the skin sensitization potential of a new ingredient or product so
that it can be safely introduced into the marketplace.

Goffin V, Pierard GE. Microwave cor neosurfametry and the short-duration dansyl chloride
extraction test for rating concentrated irritant surfactants. Dermatology 2001;202(1):46-8.
Abstract: BACKGROUND: There are ethical concernsto conduct in vivo tests in the animal and human
to provide evidence that cosmetics and other topical products are safe. OBJECTIVE: To compare two
methods, namely the short-duration dansy! chloride extraction test and the microwave corneosurfametry
bioassay, to test theirritation potential of concentrated surfactant systems. METHODS: Five surfactants
and water were tested using the in vivo test and the bioassay. RESULTS: A significant linear correlation
was found between data yielded by the two procedures. CONCLUSION: The short-duration dansyl
chloride extraction test and the microwave corneosurfametry bioassay provide similar information. The
|atter has the advantage of being sefe.



Green BG. Measurement of sensory irritation of the skin. Am J Contact Dermat 2000;11(3):170-80.
Abstract: The sensory reaction to contact with chemical irritants has not been extensively studied. This
neglect has been caused partly by alack of understanding of the physiological basis of subjective
irritation, and partly by inadequate methods of perceptual measurement. This Article begins with a brief
overview of the neurophysiology of cutaneous chemoreception (chemesthesis), and continues with a
discussion of numerous sensory, physical, and perceptual factors that can affect the sensitivity to
irritants. Then, guidelines for conducting perceptual measurements of subjective irritation that take these
factors into account are offered. An alternative approach to direct chemosensory measurement also is
proposed that relies on the fact that many of the cutaneous receptors that are sensitive to chemicals al'so
are sensitive to temperature and/or mechanical stimulation (pain or itch). It is suggested that thermal and
mechanical sensitivity might prove useful as measures of the severity of acute sensory irritation and as
indicators of subclinical sensitization by environmental irritants.

Lee K, Kim DB, Kim JI, Kim PY. In vitro cytotoxicity tests on cultured human skin fibroblaststo
predict skin irritation potential of surfactants. Toxicol In Vitro 2000;14(4):345-9.

Abstract: Cultured human skin cells are a potentially useful model for skinirritancy testing. We have
investigated the use of human skin fibroblasts for in vitro screening for skin toxicity. To assess the
cytotoxic effects of surfactants, cell viability was measured by the NRU (neutral red uptake) assay and
AB (Alamar blue) assay asin vitro methods. The skin irritation potential of surfactants by human skin
patch test was assessed as in vivo methods. The close relationship was found between AB assay with
human skin fibroblasts and human patch test (r=0.867). There was arelatively good agreement between
the NRU and in vivo patch test (r=0.648). These results suggest that AB and NRU assay using cultured
human fibroblast could be predictable methods for the irritancy of various surfactants in human.

Loffler H, Freyschmidt-Paul P, Effendy I, Maibach HI. Pitfalls of irritant patch testing using
different test chamber sizes. Am J Contact Dermat 2001;12(1):28-32.

Abstract: BACKGROUND: Test chambers for irritant patch testing are usually larger than those used in
alergic patch testing. In general, larger areas show stronger skin reactions than smaller areas.
OBJECTIVE: This study investigated whether this difference is of practical relevance, when a model
irritant is applied in small and large Finn chambers and evaluated by measurement of transepidermal
water loss (TEWL). METHODS: Patch testing was performed with 2 concentrations of sodium lauryl
sulfate (SLS) (0.25% and 0.5%) on forearms of healthy volunteers. Large (inner diameter, 12 mm) and
small (inner diameter, 8 mm) chambers were used. RESULTS: A variance analysis (3 factors, 2-tailed)
showed that the test outcome, as assessed by TEWL, was strongly dependent on SL S test concentration
and test chamber size. The larger chambers gave approximately 30% to 50% higher values than the
smaller. CONCLUSIONS: This may be explained by the fact that with the small chambers, the adjacent
small area of nontreated skin was al so assessed by the evaporimeter, biasing the results. A formula
estimating TEWL value of the large chamber from values of the small chambers has been proposed.
Copyright 2001 by W.B. Saunders Company.

Lovell WW, Jones PA. Evaluation of mechanistic in vitro testsfor the discrimination of
photoaller gj¢ and photoirritant potential. Altern Lab Anim 2000;28(5):707-24.



Abstract: Photochemical tests were used to discriminate photoallergens and photoirritants. UV
absorption spectrometry was employed to identify chemicals which absorbed sunlight wavelengths and
which required further testing. Photoallergic potential was assessed by studying photobinding of the test
chemicals to human serum abumin. Photobinding was determined by increased UV absorbance of the
protein fraction after gel filtration chromatography. Photooxidation of histidine was used to screen for a
mechanism of photoirritancy. Efficient photooxidisers may be considered photoirritant rather than
photoallergic. The substances selected for the EU/COLIPA phototoxicity project were tested. There
were 14 photoirritants (three tested as both free acid/base and salts, i.e., 17 samplesin total), four
photoallergens, three which were photoirritant and photoallergenic (i.e., 17 photoirritants and seven
photoallergens) and six "negatives' (four clearly non-phototoxic and two unclear). UV spectrometry
showed that 28 of the 30 substances absorbed sunlight significantly and had the potential for adverse
photoreaction. Six of seven photoallergens were identified as such by the photobinding assay. Most
photoirritants also caused photomodification of protein, but eleven of these photooxidised histidine
efficiently and so were classified as photoirritants. Four photoirritants remained falsely predicted as
photoallergens. Two photoirritants were negative for both photomodification of protein and for histidine
photooxidation. Four chemicals negative in vivo were negative in vitro. The remaining two chemicals
could not be classified because of unclear data both in vivo and in vitro. Thein vitro test battery,
therefore, was useful for the discrimination of photoallergic and photoirritant potential.

MedinaJ, de Brugerolle de Fraissinette, Chibout SD, Kolopp M, Kammermann R, Burtin P, Ebelin ME,
Cordier A. Use of human skin equivalent Apligraf for in vitro assessment of cumulative skin
irritation potential of topical products. Toxicol Appl Pharmacol 2000;164(1):38-45.

Abstract: The main goal of the present study was to investigate the response of the human skin
equivalent Apligraf in vitro to the application of irritant substances and its predictivity as a screening
tool for cumulative skin irritant potential in humans. Vaseline, calcipotriol, trans-retinoic acid, and
sodium lauryl sulfate were applied to Apligraf in vitro for 24 h. Cell viability (Iactate dehydrogenase
|leakage), release and mRNA expression of the proinflammatory cytokines IL-1alpha and IL-8, and
morphological changes were assessed. The same products were applied to 30 healthy volunteersin a
double-blind, randomized, vehicle-controlled within-subject study. The skin reactions after repeated 24-
h applications over 3 weeks under Finn chamber patches were monitored by visual scoring and
biophysical methods (trans-epidermal water loss, chromametry, and blood flow). Sodium laury! sulfate
was cytotoxic to Apligraf, and increased the release and expression of cytokines at low (0.2%, 0. 4%),
but not at high (0.8%, 1%) concentrations. It induced severeirritancy in vivo. Trans-retinoic acid
increased the expression and release of cytokines with no detectable cytotoxicity and showed moderate
irritancy in humans. Although calcipotriol did neither affect cell viability nor the production of
cytokines, it induced morphological signs of irritation and was mildly irritant for healthy volunteers.
Vaseline was innocuous in vivo and induced no changesin Apligraf. In conclusion, the cumulative skin
irritation potential of the tested products could be predicted with Apligraf in a sensitive and specific
manner, by monitoring cytotoxicity, proinflammatory cytokines, and morphological changes.

Muller L, Brendler-Schwaab S, Kasper P, Kersten B. [In vitro methods for phototoxicity and
photocar cinogenicity testing of drugs]. ALTEX 2001;18(2):117-21 [Ger].
Abstract: Phototoxicity is an acknowledged property of some UV and/or visible light absorbing



substances some of which are used as pharmaceuticals or in cosmetic preparations. In recent years
attention has been called upon the fact that toxic intermediates that are generated upon photoactivation
of a substance can also lead to DNA damage. Such damage may lead to mutated/initiated skin cells
which in turn can contribute to an elevated skin cancer risk. The method of choice to test for photo-
related skin carcinogenesisis a 1-year study in genetically hairless mice in which the formation of skin
papilloma and their latency time are assessed. Here, in vitro test approaches to test for photogenotoxicity
can be used in atiered assessment approach asking the use of in vitro genotoxicity tests for prediction of
rodent/human carcinogenicity. In the past few years some effort has been put into the evaluation for such
systems, in parcticular standard test protocols have been generated for the in vitro photo-micronucleus
test and the in vitro photo-comet assay with Chinese hamster V79 cells. The data that have been
produced so far show promising results regarding the implementation of these systemsin atiered
approach for photocarcinogenicity assessment of UV- and/or visible light absorbing substances but the
systems will have to be validated in further collaborative studies.

Nylander-French LA. A tape-stripping method for measuring der mal exposureto multifunctional
acrylates. Ann Occup Hyg 2000;44(8):645-51.

Abstract: Current methods for measuring dermal exposure to skin irritants and allergens, such as
acrylates, have significant drawbacks for exposure assessment. A noninvasive sampling method has
been devel oped and tested for measuring dermal exposure to a multifunctional acrylate employing atape
stripping of the nonviable epidermis (stratum corneum). Samples were subsequently extracted and a gas
chromatographic method was employed for quantitative analysis of tripropylene glycol diacrylate
(TPGDA). This method was tested in 10 human volunteers exposed to an a priori determined amount of
TPGDA or aUV-radiation curable acrylate coating containing TPGDA (UV-resin) at different sites on
hands and arms. On the average, the first tape stripping removed 94% (coefficient of variation 16%) of
the theoretical quantity of deposited TPGDA and 89% (coefficient of variation 15%) of the theoretical
quantity of deposited TPGDA in UV-resin 30min after exposure. Quantities of TPGDA recovered from
two consecutive tape strippings accounted for all of the test agent, demonstrating both the efficiency of
the method to measure dermal exposure and the potential to determine the rate of absorption with
successive samples over time. In general, the amount removed by the first stripping was greater for
TPGDA than for UV-resin while the second stripping removed approximately 6 and 21% of TPGDA
and UV-resin, respectively. However, when the amounts removed with the first tape stripping for
TPGDA or UV-resin from the five different individual sites were compared, no significant differences
were observed (P=0.111 and 0.893, respectively). No significant difference was observed in recovery
between TPGDA and UV-resin for the first tape stripping when calculated as a percentage of the
theoretical amount (P=0.262). The results indicate that this tape-stripping technique can be used to
quantify dermal exposure to multifunctional acrylates.

Qvist MH, Hoeck U, Kreilgaard B, Madsen F, Frokjaer S. Evaluation of Gottingen minipig skin for
transdermal in vitro permeation studies. Eur J Pharm Sci 2000;11(1):59-68.

Abstract: The optimal skin type for in vitro permeability studies depends on the purpose of the specific
transdermal study. In a number of cases, it may be advantageous to use animal skin as an alternative to
human skin although they have different characteristics. Recently, Gottingen minipigs have been
reported as good modelsin toxicological and pharmacokinetic studies of drug substances. In this paper,



the potential use of skin from the Gottingen minipig is evaluated by studying three model drug
substances (nicotine, salicylic acid and testosterone) through skin from humans, domestic pigs and three
ages of the Gottingen minipig. An analysis of variance and a Student's t-test showed that both the skin
from the Gottingen minipig and the domestic pig possessed transdermal permeabilities, which correlated
with human skin and exhibited a lower intra- and intervariation. Furthermore, it was shown that
permeability and variation of fluxes through skin from Gottingen minipigs were dependent on the age of
the minipig and of the drug substance. It is concluded that the Gottingen minipig, like the domestic pig,
isagood skin model for in vitro permeation through human skin.

Robinson MK, McFadden JP, Basketter DA. Validity and ethics of the human 4-h patch test asan
alter native method to assess acute skin irritation potential. Contact Dermatitis 2001;45(1):1-12.
Abstract: For more than 50 years, the Draize rabbit skin irritation test has reigned supreme as the
regulatory method of choice for the identification of skin irritant chemicals. To date noin vitro
aternative test has been validated as an adequate replacement. However, one potential option, to test the
endpoint of concern (skin irritation) in the species of concern (man) has been overlooked. The advent of
predictive in vitro tools for the identification of substances corrosive to the skin has opened up the
practical possibility of carrying out safe and ethical studies on small panels of humans. The human 4-h
patch test has been developed to meet the needs of identifying chemical skin irritation potential,
providing data which isinherently superior to that given by a surrogate model, such as the rabbit. This
paper reviewsin detail the present state of the human 4-h patch test, highlighting its advantages and
noting its utility as the ‘gold standard' on which to build future in vitro models.

Robinson MK, Osborne R, Perkins MA. In vitro and human testing strategiesfor skin irritation.
Ann N Y Acad Sci 2000;919:192-204.

Abstract: Prior to the manufacture, transport, and marketing of chemicals or products, it is critical to
assess their potential for skin toxicity (corrosion or irritation), thereby protecting the worker and
consumer from adverse skin effects due to intended or accidental skin exposure. Traditionally, animal
testing procedures have provided the data needed to assess the more severe forms of skin toxicity, and
current regulations may require animal test data before permission can be obtained to manufacture,
transport, or market chemicals or the products that contain them. In recent years, the use of animalsto
assess skin safety has been opposed by some as inhumane and unnecessary. The conflicting needs of the
industrial toxicologist to (1) protect human safety, (2) comply with regulations, and (3) reduce animal
testing have led to major efforts to develop alternative, yet predictive, test methods. A variety of in vitro
skin corrosion test methods have been developed and several have successfully passed initial
international validation. These have included skin or epidermal equivalent assays that have been shown
to distinguish corrosive from noncorrosive chemicals. These skin/epidermal equivalent assays have aso
been modified and used to assess skin irritation potential relative to existing human exposure test data.
The data show a good correlation between in vitro assay data and different types of human skin irritation
datafor both chemicals and consumer products. The effort to eliminate animal tests has also led to the
development of a novel human patch test for assessment of acute skin irritation potential. A case study
shows the benefits of in vitro and human skin irritation tests compared to the animal tests they seek to
replace, and strategies now exist to adequately assess human skin irritation potential without the need to
rely on animal test methods.



Ross JH, Driver JH, Cochran RC, Thongsinthusak T, Krieger Rl. Could pesticide toxicology studies be
mor erelevant to occupational risk assessment? Ann Occup Hyg 2001;45 Suppl 1:S5-S17

Abstract: Pesticide toxicology study design has evolved from concern for oral exposure viafood
residues. The emphasis on the oral route does not generally apply to workers that are exposed primarily
viathe dermal route either handling pesticides or re-entering treated fields. As a result numerous
assumptions about how oral toxicology results relate to dermal exposure must be made when conducting
worker risk assessments. These assumptions introduce a high degree of uncertainty. Alternative
toxicology study designs are suggested to reduce uncertainty when assessing risk. Because the dermal
route is so important to characterizing occupational risk, methods to improve the accuracy of dermal
absorption estimates are suggested, including the use of human subjects to study dermal absorption.
Additional suggestions include tailoring dermal, oral and inhalation kinetic study designs to reflect
worker exposure dosages. Suggestions are made to routinely conduct a single dose toxicity study
patterned after the neurotoxicity study design to distinguish single dose effects and NOAEL s from those
resulting from multiple doses. Finally, interspecies pharmacokinetics studies are proposed to determine
which toxicology study regimen of dosing best reflects intermittent worker exposure.

Ryan CA, Gerberick GF, Cruse LW, Basketter DA, Lea L, Blaikie L, Dearman RJ, Warbrick EV,
Kimber |. Activity of human contact allergensin the murinelocal lymph node assay. Contact
Dermatitis 2000;43(2):95-102.

Abstract: The murine local lymph node assay (LLNA) isa predictive test for the identification of
chemicals that have the potential to cause skin sensitization. Since its original development, the assay
has been the subject of national and international evaluation studies and extensive comparisons with
guinea pig tests and human data. On the basis of these investigations, the LLNA has recently been
endorsed by ICCVAM (Interagency Coordinating Committee on the Validation of Alternative Methods)
as a stand-alone method for skin sensitization hazard identification. At the same time, ICCVAM
confirmed that, although the LLNA is not an in vitro method, it does represent a refinement in the way
animals are used and can provide a means for reducing the number of animals used in sensitization
hazard assessment. The investigations described here were designed to explore further the ability of the
LLNA to identify accurately those chemicals that cause allergic contact dermatitis in humans. To that
end we have measured, anongst 3 independent laboratories, LLNA responses induced by atotal of 18
test chemicals, 11 of which are known to cause skin sensitization and 7 of which are believed not to be
associated with any significant evidence of allergic contact dermatitisin humans. The LLNA correctly
classified 16 of the 18 materials. The 11 chemicals tested which are associated with allergic contact
dermatitis in humans were found to be positive in the LLNA. Of the 7 materials believed to be non-
sensitizers, 5 were negative in the LLNA and 2 produced positive results. Collectively, these data
provide additional evidence that the LLNA is able to discriminate skin sensitizers from those chemicals
which do not possess a significant skin sensitization potential and thus provides a method for hazard
identification that offers important animal welfare benefits.

Singh RP, Das M, Khanna R, Khanna SK. Evaluation of dermal irritancy potential of benzanthrone-
derived dye analogs:. structure activity relationship. Skin Pharmacol Appl Skin Physiol 2000;13(3-
4):165-73.
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Abstract: The twelve structural analogs of benzanthrone-derived dyes of commercial use were screened
for their dermal irritation potential response using the Draize occlusive patch test. The test dyes,
dissolved in DM SO as vehicle, were topically applied on the skin of the male Druckery rats (160 +/- 10
g) according to the OECD protocol. The potential dermal hazard was assessed in terms of the primary
cutaneous irritation (PCl) index and irritancy. Irritancy was evaluated according to the AFNOR scale. In
terms of irritancy, the twelve benzanthrone dyes qualified as moderately irritant (3.0-5.0) according to
the above scale. In decreasing order, PCI index of the various dyes was. Navy Blue R (4.5); Jade Green
XBN (4.25); 16, 17-dihydroxydibenzanthrone (3.84); Black NB (3.75), Jade Green 2G (3. 75); 3-
bromobenzanthrone (3.58); Brilliant Purple 4R (3.58); Olive D (3.50); Dark Blue 2R (3.41); Olive
Green B (3.33); isodibenzanthrone (3.33), and benzanthrone (3.16). These results indicate that
benzanthrone-derived dyes/dye intermediates caused dermal toxicity which appears to be influenced by
the number of carbonyl and amino-anthraguinone groups as well as by the presence of functional groups
like halogen, nitro, hydroxy and methoxy in the parent molecule, benzanthrone.

Skowronski GA, Turkall RM, Abdel-Rahman MS. In vitro penetration of soil-aged mercury through
pig skin. J Toxicol Environ Health A 2000;61(3):189-200.

Abstract: The dermal bioavailability of mercury "aged" in soil for 3 mo was compared to that of pure
mercury (without soil) and to mercury in brief contact with soil (16 h). Studies were conducted in vitro
with [203Hg]mercuric chloride on dermatomed male pig skin by flow-through diffusion cell

methodol ogy. Less than 0.5% of the initial mercury dose penetrated through skin into receptor fluid after
each treatment. The majority of pure mercury became covalently bound to skin. However, a short
contact time with either an Atsion (sandy) or Keyport (clay) soil significantly decreased the total
penetration of mercury (sum of receptor fluid and skin) by 40%. After aging, a 95% reduction in total
penetration was observed for the compound relative to chemical without soil. Both soils bind mercury
more strongly with time, as evidenced by larger quantities of radioactivity in soil and smaller amountsin
skin decontaminate after aging than in soil for 16 h. Decreased mercury bioavailability with aging
indicates lower health risk and reduced need for soil cleanup.

Steiling W, Kreutz J, Hofer H. Per cutaneous penetr ation/der mal absor ption of hair dyesin vitro.
Toxicol In Vitro 2001;15(4-5):565-70.

Abstract: This paper presents an in vitro technique to analyse percutaneous penetration and dermal
absorption of hair dyes, topically applied to excised pig skin. Representative examples are given by the
radio-labelled hair dyes p-phenylenediamine and bis-(5-amino-1-hydroxyphenyl)-methane. Both
compounds were assessed under simulated use conditions and were analysed in representative
formulations including the specific conditions for oxidation hair dyes. To be able to differentiate
between topically adsorbed and systemically available amounts, the bioavailability of the hair dyesis
defined as the amount penetrated and/or remaining in the exposed skin after removing the stratum
corneum. Less than 1% of the assessed topically applied dyes was found to be bioavailable in the
presence of hydrogen peroxide, typically added to oxidation hair dyes prior to applications. Compared
with published results and unpublished in-house in vivo data, the level of confidence was high. Owing to
in-house experience over about 5 years in using excised pig skin for measurements of percutaneous
penetration and dermal absorption of hair dyes, the technique was found to be successful and appropriate
to reduce the number of test animals normally used for toxicological assessments. The essentials of this



technique are actually recommended by the SCCNFP (The Scientific Committee on Cosmetic Products
and Non Food Products intended for Consumers) for the safety evaluation of cosmetic ingredients,
parcticularly for hair dyes. The corresponding OECD guideline as well as the guidance document has
been drafted and is currently in discussion on the level of the national co-ordinators.

Traynor NJ, Barratt MD, Lovell WW, Ferguson J, Gibbs NK. Comparison of an in vitro cellular
phototoxicity model against controlled clinical trials of fluoroquinolone skin phototoxicity. Toxicol
In Vitro 2000;14(3):275-83.

Abstract: Many therapeutic drugs induce phototoxic skin responses following exposure to solar or
artificial ultraviolet radiation sources. Several in vitro model systems have been developed to predict
drug phototoxicity but none have been conducted in parallel with controlled clinical phototoxicity
studies on systemically administered pharmaceuticals. The in vitro phototoxicity of eight
fluoroquinolone (FQ) antibiotics (ciprofloxacin, grepafloxacin, lomefloxacin, norfloxacin, ofloxacin,
trovafloxacin, BAYy3118, moxifloxacin) was determined by exposing Chinese hamster fibroblasts to
UVA radiation. Cell damage was quantified with standard MTT or neutral red assays and an in vitro
phototoxic index calculated (Pl (vit)=% cell viability with UVA aone /% cell viability with UVA+FQ)
for each endpoint. Clinical photosensitizing ability of the eight systemically administered FQ was
investigated using double-blind, placebo and positive controlled, clinical skin phototesting of normal
subjects. Minimal erythema doses at 365+/-30nm were determined before and after 6-7 days of FQ
ingestion and Pl (clin) (minimal erythema dose without FQ/minimal erythema dose with FQ) calculated.
Linear regression analysis of PI(vit) vs PlI(clin) gave correlations of up to 0.893. Principal components
analysis of PI(vit), daily dose, plasma levels and photophysical (absorption) properties of the eight FQ
showed that phototoxic (arbitrarily defined as PI(clin)> or =2) and non-phototoxic (Pl (clin)<2) FQ could
be completely discriminated using these parameters, and that the in vitro models were able to rank the
relative phototoxic potential of the eight FQ.

Tuschl H, Kovac R, Weber E. The expression of surface markerson dendritic cellsasindicatorsfor
the sensitizing potential of chemicals. Toxicol In Vitro 2000;14(6):541-9.

Abstract: Novel approaches to testing of skin sensitizing chemicals have made use of immature dendritic
cells (DCs) cultured from different hematopoietic progenitors. These cells resemble Langerhans cells
(LCs), which are the most potent antigen presenting cellsin the skin. Former research has focused on the
phenotypic and functional changes of L Cs after application of skin sensitizers. But it has proven difficult
to isolate sufficient numbers of LCs from skin. This disadvantage is overcome by cultures of immature
DCs providing high numbers of reactive cells. The aim of the present investigation was to test the
response of DC cultures established from different blood donors to known sensitizers, anirritant and a
vehicle. The sensitizers NiSO(4), dinitrochlorobenzene (DNCB), 2,4,6 trinitrobenzene sulfonic acid
(TNBS), apha-hexylcinnamaldehyde (Cinn) and eugenol (Eu) induced the up-regulation of the co-
stimulatory molecule CD86, of intercellular adhesion molecule CD54 and of the HLA-DR antigen. The
irritant sodium dodecy! sulfate (SDS) and the vehicle dimethyl sulfoxide (DM SO) had no effect. A high
rate of responders within blood donors was found for NiSO(4), TNBS, Cinn and Eu, while DNCB was
less effective. The augmentation of surface marker expression in dendritic cells obtained from peripheral
human blood seems to be a promising readout in prescreening for strong and moderate sensitizers. This
test could this help to reduce animal numbers for in vivo testing.



Vohr HW, Blumel J, Blotz A, Homey B, Ahr HJ. An intra-laboratory validation of the I ntegrated
Model for the Differentiation of Skin Reactions (IMDS): discrimination between (photo)allergic
and (photo)irritant skin reactionsin mice. Arch Toxicol 2000;73(10-11):501-9.

Abstract: We recently presented a modified local lymph node test which made it possible to quickly and
reliably differentiate between irritative and allergic skin reactions with extremely simple parameters.
The Integrated Model for the Differentiation of Skin Reactions (IMDS) test combines measurement of
cell proliferation in draining lymph nodes with measurement of primary ear swelling after topical
application of the test substance on three consecutive days. In contrast to the 'classic' skin sensitisation
test in guinea-pigs the IMDS test is considerably faster and is based on objective measured data, not
subjective skin evaluations. Like the Local Lymph Node Assay (LLNA), measurement of allergic
potential in the IMDS test is based on the underlying immunological mechanisms, but also considers the
behaviour of immune competent cells following non-specific activation by irritants. In addition, the
IMDS test can employ UV radiation after application of the substance and, therefore, make
differentiation possible between different types of skin photoreaction (photoallergy and photoirritation)
after both topical and systemic administration. Attempts to achieve this kind of discrimination with the
LLNA necessitate considerably greater expenditure, as proliferation in the draining lymph nodes can
also be induced by moderate to extreme (photo)irritants. In a previous paper in which we presented the
IMDS test, we examined each type of reaction in reference to one single standard; the next logical step
was therefore a broad-based intra-laboratory validation. An important factor in the validation was the
use of standards that had been thoroughly examined in both guinea pig and mouse systems and were also
relevant with regard to estimation of the risk for humans. The data presented here show that the IMDS is
asimple and reliable tool for obtaining fast and reproducible assessments of potential (photo)allergic
and (photo)irritant skin reactions to substances.

Wilson TD, Steck WF. A modified HET-CAM assay approach to the assessment of anti-irritant
properties of plant extracts. Food Chem Toxicol 2000;38(10):867-72.

Abstract: Hen's egg--chorioallantoic membranes were used to screen for and assess anti-irritant
properties among agueous extracts of plants (HET-CAM tests), in connection with searches for plant-
derived substances with topical anti-irritant action. The main question to be answered was whether
CAM-assay screening of plant extracts could provide a useful route to identifying promising anti-irritant
extracts for follow-up clinical testing. To be useful, the method would have to flag materials with strong
anti-irritant properties, and would have to avoid registering false negatives. The tests conducted
provided positive indications. We measured the delays in onset of three manifestations of membrane
irritation-vascular hemorrhaging, membrane lysis and membrane coagulation-observed with test
substances relative to positive controls. Aqueous 15% lactic acid, acommonly used irritant in direct tests
on human skin, was employed as the test irritant in this study. The ratio [irritation onset times after test
substance pre-treatment] :[onset times without test substance pretreatment] was used to measure the anti-
irritant power of test substances. A scoring notation was devised for this which treats the delay
parameters as independent effects. Most tested plant extracts showed no significant irritant or anti-
irritant effects. Among the apparently anti-irritant plant extracts (approx. 10% of all those tested), most
showed their greatest effect against hemorrhaging. Lesser but still readily measurable effects against
membrane !gésis and coagulation were also observed in nearly all the apparently anti-irritant extracts.



Two of the tested extracts proved to be membrane irritants. Some key CAM assay results were
compared with results obtained in direct tests on human skin using the same test irritant (15% lactic
acid). In these comparative tests on skin, an essentially similar pattern of efficacy was obtained, with the
plant extract deemed best in the CAM screenings, outperforming the benchmark anti-irritant
hydrocortisone. From these initial results it appears that physiological CAM assays may prove useful in
screening natural materials for anti-irritant properties, as alternatives to mechanism-dependent
biochemical assays, or expensive direct screening tests on human subjects. Further work remains to
extend the CAM screening approach to irritants other than lactic acid, and to assess its quantitative
powers of prediction of topical anti-irritancy.

Worth AP, Cronin MT. The use of bootstrap resampling to assess the uncertainty of cooper
statistics. Altern Lab Anim 2001;29(4):447-509.

Abstract: The predictive abilities of two-group classification models (CMs) are often expressed in terms
of their Cooper statistics. These statistics are often reported without any indication of their uncertainty,
making it impossible to judge whether the predicted classifications are significantly better than the
predictions made by adifferent CM, or whether the predictive performance of the CM exceeds
predefined performance criteriain a statistically significant way. Bootstrap resampling routines are
reported that provide a means of expressing the uncertainty associated with Cooper statistics. The
usefulness of the bootstrapping routinesisillustrated by constructing 95% confidence intervals for the
Cooper statistics of four aternative skin-corrosivity tests (the rat skin transcutaneous electrical
resistance assay, EPISKIN, Skin(2) and CORROSITEX), and four two-step sequences in which each in
vitro test is used in combination with a physicochemical test for skin corrosion based on pH
measurements.

Yang EK, Yoon HH, Lee DH, Park JK. Assessment of toxic potential of industrial chemicalsusing a
cultured human bioartificial skin model: production of interleukin lalpha and

hydr oxyeicosatetr aenoic acids. Skin Pharmacol Appl Skin Physiol 2000;13(5):246-57.

Abstract: Cytotoxicity assays using artificial skin are proposed as alternative methods for in vitro tests to
minimize animals used in ocular and dermal irritation testing. The responses of the artificial skinswere
studied to a well-characterized chemical irritant, such as toluene, glutaraldehyde and sodium lauryl
sulfate (SLS), and a nonirritant, such as polyethylene glycol. The evaluation of irritating and
nonirritating test chemicals was also compared with responses seen in human dermal fibroblasts and
human epidermal keratinocytes grown in monolayer culture. The responses monitored included the MTT
mitochondrial functionality assay. In order to better understand the local mechanismsinvolved in skin
damage and repair, the productions of several mitogenic proinflammatory mediators such as interleukin-
lalpha (IL-1alpha), 12-hydroxyei cosatetraenoic acid (12-HETE) and 15-HETE were investigated. Dose-
dependent increases in the levels of |L-1alpha and HETEs were observed in the underlying medium of
the skin systems exposed to two skin irritants, glutaraldehyde and SLS. The results of the present study
show that both human artificial skins can be used as efficient testing models for the evaluation of skin
toxicity in vitro and for screening the contact skin irritancy in vitro.

Zuang V, Rona C, Archer G, Berardesca E. Detection of skin irritation potential of cosmetics by non-
invasive mgasur ements. Skin Pharmacol Appl Skin Physiol 2000;13(6):358-71.



Abstract: This study analyses the ability of four non-invasive techniques (laser Doppler velocimetry,
evaporimetry, chromametry and corneometry) to discriminate between irritant and non-irritant products,
when compared to appropriate controls, and to detect subliminal changesin barrier function and
erythema. These changes, which remain undetectable in the traditional visual and palpable clinical
assessment, can be used as early reactions that are followed by the development of overt skin irritation.
Laser Doppler velocimetry and evaporimetry were good discriminators between irritant and non-irritant
substances, whereas corneometry and chromametry did not clearly distinguish between them. Laser
Doppler velocimetry and evaporimetry detected early stages in the development of an irritant reaction
before it became visible, but chromametry was not able to detect an early irritant response. It was
concluded that non-invasive measurements could improve the quality and relevance of data obtained
from human irritation testing, since the data they provide are objective, quantitative and sometimes
subclinical, which also alows the concentration of a positive control to be reduced, resulting in the
induction of less skin damage in human volunteers and reducing the ethical concernsrelated to the
deliberate induction of an irritant response in a'healthy' volunteer.

ECOTOXICITY

Amanumak, Aoki Y. [Application of transgenic fish for detecting hazar dous chemicalsin water
environment]. Tanpakushitsu Kakusan Koso 2000;45(17 Suppl):2973-81 [Jpn} .

AmanumaK, TakedaH, AmanumaH, Aoki Y. Transgenic zebrafish for detecting mutations caused
by compoundsin aquatic environments. Nat Biotechnol 2000;18(1):62-5.

Abstract: We have established a transgenic zebrafish line carrying a shuttle vector plasmid (pML4) for
detecting mutagens in aguatic environments. The plasmid contains the rpsL gene of Escherichiacoli asa
mutational target gene, and the kanamycin-resistance gene for recovering the plasmid from the
chromosomal DNA. To evaluate the system, we treated embryos of the transgenic fish with N-ethyl-N-
nitrosourea (ENU), which induces a dose-dependent increase in the mutation frequency of the target
gene. The mutation spectrum was consistent with the proposed mechanism of ENU mutagenesis.
Similarly, treating the embryos with benzo[a] pyrene or 2-amino-3, 8-dimethylimidazo[4,5- f]
guinoxaline, which are found in naturally polluted water, significantly increased the frequency of
mutations in the target gene.

Andersson PL, Berg AH, Bjerselius R, Norrgren L, Olsen H, Olsson PE, Orn S, Tysklind M.
Bioaccumulation of selected PCBsin zebrafish, three-spined stickleback, and arctic char after
three different routes of exposure. Arch Environ Contam Toxicol 2001;40(4):519-30.

Abstract: The uptake and elimination of 20 structurally diverse tetra- to heptachlorinated biphenyls were
studied in zebrafish (Danio rerio), three-spined stickleback (Gasterosteus acul eatus), and arctic char
(Salvelinus apinus). The polychlorinated biphenyls (PCBs) were administered to the fish through food,
intraperitoneal injection of peanut oil, or intraperitoneal implantation of silicone capsules. The retention
of the PCBs in fish exposed through their diet was related with the substitution patterns of the
compounds. Ortho-substituted congeners with no unsubstituted meta-para positions had high
biomagnification potential. PCBs with low biomagnification all had adjacent vicinal hydrogens,
indicating that congeners with this feature may have been metabolically eliminated. The retention



characteristics of the PCBs in the diet-exposed and the injected zebrafish were similar. The pattern of
congenersin arctic char indicates that they have alower capacity to metabolize PCBs compared to three-
spined sticklebacks and zebrafish. The levelsin the fish exposed to the PCBs through a silastic implant
were negatively correlated with the hydrophobicity of the congeners. Most probably congener-specific
release rates of the PCBs from the implants mask their retention characteristics. It is suggested that food,
mimicking the natural intake route, should be used in PCB exposure studies to validate extrapolations to
natural situations.

Araujo CS, Marques SA, Carrondo MJ, Goncalves LM. In vitro response of the brown bullhead
catfish (BB) and rainbow trout (RTG-2) cell linesto benzo[a]pyrene. Sci Total Environ 2000;247(2-
3):127-35.

Abstract: Established cell lines from rainbow trout (RTG-2) and brown bullhead catfish (BB) were
evaluated as bioindicators of benzo[a]pyrene (B[a]P) toxicity with 3-(4,5-dimethyltiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) reduction and neutral red (NR) uptake assays. Cytochrome P450
1A1 (CYP1A1) enzymatic activity was also evaluated, and taken as a biological indicator of the B[a]P
induction power by ethoxyresorufin O-deethylase (EROD) and ethoxycoumarin O-deethylase (ECOD)
assays. The BB and RTG-2 cells were compared after 1 and 6 days of exposure to B[a]P. The
photoactivation of the compound (B[a]PUV) was another parameter taken into consideration.
Cytotoxicity was not observed after 1 day of incubation with B[a]P in both cell lines, athough the
enzymatic activities of ECOD and EROD presented an induction. Apparently, after 1 day, cells did not
metabolise sufficient amounts of B[a]P to cytotoxic metabolites. After 6 days of exposure to this
compound a significant reduction in cell viability was observed, this reduction being superior to 50% at
the highest B[a] P concentrations for the RTG-2 cell line. These results are in agreement with the values
observed for the ECOD and EROD induction. The B[a] P cytotoxicity determined in both cell lines could
be ascribed to the significant increase of EROD activity by 6 days of exposure. The photoactivation of B
[a] P showed marked differences in both cytotoxic assays and CY PLA1 enzymatic activities, for both cell
lines. After 1 day of exposure there was a significant reduction in cell viability, superior to 50% for the
RTG-2 cdll line. However, it was observed that no induction occurred but rather a decrease in ECOD
and EROD activities. Six days of incubation with B[a]PUV showed a decrease in cell viability at the
highest concentrations for the BB cells and at the lowest concentrations for the RTG-2 cell line, and the
CYP1A1 enzymatic activity presented a significant induction. These results and those observed after 1
day of exposure suggest that B[a]PUV acts as a direct-acting toxicant as well as a metabolism-mediated
toxicant-like B[a]P. The RTG-2 cells were more sensitive to B[a] P and its toxic metabolites as well asto
the photoactivation of the compound, in both exposure times tested. The finding that the cell lines
responded to the CYP1A1 induction in avery efficient way gives proof of the applicability of this
system to environmental biomonitoring and toxicology.

Bello SM, Franks DG, Stegeman JJ, Hahn ME. Acquired resistance to Ah receptor agonistsin a
population of Atlantic killifish (Fundulus heter oclitus) inhabiting a marine superfund site: in vivo
and in vitro studies on the inducibility of xenobiotic metabolizing enzymes. Toxicol Sci 2001;60
(2):77-91.

Abstract: New Bedford Harbor (NBH), MA, isafederal Superfund site that is heavily contaminated with
polychloringted biphenyls (PCBs) and other halogenated aromatic hydrocarbons (HAHSs), including



some potent aryl hydrocarbon receptor (AhR) agonists. A population of Atlantic killifish (Fundulus
heteroclitus) continues to inhabit this site, despite accumulating extraordinarily high concentrations of
PCBs (272 microg/g dry weight). To determine if NBH killifish have developed resistance to HAHs that
act through the AhR, we examined the inducibility of cytochrome P4501A1 (CYP1A1), UDP
glucuronosyl transferase (UGT), and glutathione S-transferase (GST) in fish from NBH and areference
site, Scorton Creek (SC, Cape Cod, MA; PCB concentrations 0.177 microg/g dry weight). 2,3,7,8-
Tetrachlorodibenzofuran (TCDF) induced CY P1A1 mRNA, protein, and activity in SC fish in all tissues
examined (liver, heart, gut, gill, kidney, spleen, and gonad). In contrast, NBH fish expressed low levels
of CYP1A1 and showed no induction of CYP1A1 mRNA, protein, or activity by TCDF, or induction
that was lower in magnitude or required higher doses of inducer. p-Nitrophenol UGT activity was not
induced by TCDF in either population, while GST activity with 1-chloro-2,4-dinitrobenzene as substrate
was induced only in NBH fish in one experiment. Inducibility of CYP1A1 by 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD) or beta-naphthoflavone (BNF) was measured in primary hepatocyte cultures prepared
from SC and NBH fish. TCDD induced CY P1A1 activity (ethoxyresorufin O-deethylase) to the same
degree in hepatocytes from both popul ations, demonstrating the functionality of the AhR signaling
pathway in NBH fish. However, hepatocytes from NBH fish were 14-fold less sensitive to TCDD than
were those from SC fish. The nonhalogenated AhR agonist BNF aso induced CYP1A1 in cells from
both populations, although with only a 3-fold difference in sensitivity (NBH < SC). These results
indicate that chronic exposure to high levels of HAHs has led to areduction in the sensitivity of NBH
killifish to AhR agonists. The resistance is systemic and pretranslational, and exhibits compound-
specific differences in magnitude. These findings suggest an alteration in the AhR signal transduction
pathway in NBH fish.

Bi S,AnS, Tang W, XueR, Wen L, Liu F. Computer simulation of the distribution of aluminum
speciation in soil solutionsin equilibrium with the mineral phase imogolite. J Inorg Biochem
2001;87(1-2):97-104.

Abstract: The speciation of aluminum (Al) isacritical issue when evaluating the environmental and
biological significance of elevated Al concentrations in soil solutions caused by acidic precipitation.
Numerous studies have revealed that, with increased concentrations of silicaacid in soil, the activity of
Al speciesin soil solutionsis greatly modified by SiO(4)(2-). However, thus far there has been little
thorough theoretical modeling of this subject. This paper reports a computer simulation of the
distribution of Al speciation in soil solutionsin equilibrium with the mineral phase imogolite based on a
chemical equilibrium calculation. The unique characteristic associated with imogolite reported by
previous researchers can be explained theoretically by the proposed model. The dissolved silicahas a
remarkable influence on Al speciation: increasing concentrations of silica acid may effectively inhibit
the formation of polymeric alumino-hydroxo species, and, furthermore, detoxify Al toxicity to plants.

Boese BL, Ozretich RJ, Lamberson JO, Cole FA, Swartz RC, Ferraro SP. Phototoxic evaluation of
marine sediments collected from a PAH-contaminated site. Arch Environ Contam Toxicol 2000;38
(3):274-82.

Abstract: The phototoxicity potential of PAH-contaminated field sediment was evaluated and compared
to standard sediment toxicity test results. Marine sediments were collected from 30 sitesaong a
presumed PAH sediment pollution gradient in Elliot Bay, WA. Standard 10-day acute and 28-day



chronic sediment toxicity tests were conducted with the infaunal amphipods Rhepoxynius abronius and
L eptocheirus plumulosus using mortality and the ability to rebury as endpoints. The survivors of these
tests were then subjected to 1-h exposures to UV radiation with mortality and reburial again determined.
The most highly toxic sediments identified in these experiments were evaluated further for toxicity and
phototoxicity by serially diluting them with uncontaminated sediment and repeating the toxicity tests.
Standard 10-day toxicity test results indicated that over 70% of the sites sampled in Elliot Bay exhibited
measurabl e toxicity with nine sites being highly toxic to both species of amphipods. Results of standard
28-day chronic sediment toxicity tests were similar. In contrast, amost al of the sites were found to be
highly phototoxic. Results indicated that exposure to UV increased toxicity five- to eightfold. This
suggests that standard toxicity tests underestimate the potential ecological risk of PAH-contaminated
sediments in animals exposed to sunlight. However, only when PAH contamination was between 0.05
and 1.0 toxic units would conducting a phototoxicity evaluation add information to that gained from
conducting a standard sediment toxicity test alone.

Boischio AA. Re: evaluating mer cury exposur e through fish consumption in the Amazon--theroles
of biomarkersand predictive models. Environ Res 2000;82(1):91-2; discussion 93.

Bombardier M, Bermingham N, Legault R, Fouquet A. Evaluation of an SOS-Chromotest-based
approach for theisolation and detection of sediment-associated genotoxins. Chemosphere 2001;42
(8):931-44.

Abstract: A series of experiments was conducted to evaluate an approach advanced by the St. Lawrence
Centre (SLC) of Environment Canada for assessing the genotoxic potential of sediments. The SLC
method entails the extraction, isolation and solvent exchange of the organic constituents in sediment,
and the testing of these solubilized extracts with the SOS Chromotest (Escherichia coli PQ37). A total of
five sediments, three variously contaminated by organic compounds and two reference materials
certified for persistent organic chemicals, were Soxhlet-extracted. Each of the five extracts was then
split, with a portion remaining in crude form and another portion fractionated into two molecular-weight
classes of organic contaminants, thus yielding atotal of 15 extract samples. The ability of the SOS
Chromotest to detect genotoxins in the various organic extracts was evaluated and compared with that of
the Ames Fluctuation Assay (Salmonella typhimurium, strain TA100). The intra-laboratory variance
associated with the SOS Chromotest was al so assessed. Procedural details are presented and results are
discussed. The SOS Chromotest results were in good agreement with those of the Ames Fluctuation
Assay, especially after metabolic activation. However, the E. coli PQ37 system was slightly more
sensitive than the Salmonella assay for detecting genotoxins in the sediment extracts. The SOS
Chromotest was also the most discriminating of the two assays, generating SOS-induction factors that
were consistent with the organic contamination gradient reported in the sediment samples. The removal
of macromolecules from the dichloromethane extracts by size-exclusion chromatography prior to testing
enhanced the sensitivity of both test systems. The intra-laboratory variance of the SOS Chromotest
ranged from 0.24% to 23.82%, depending on the extract sample. As applied in this study, the SOS
Chromotest can serve as a sensitive test for screening the genotoxic potential of uncharacterized
sediment extracts. A more sensitive assay would be appropriate, however, as a confirmation for
definitive investigations, especially for the detection of direct-acting genotoxins.
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Brousseau P, Pellerin J, Morin Y, Cyr D, Blakley B, Boermans H, Fournier M. Flow cytometry asa
tool to monitor the disturbance of phagocytosisin the clam Mya arenaria hemocytesfollowing in
vitro exposur e to heavy metals. Toxicology 2000;142(2):145-56.

Abstract: The effectiveness of toxicology biomonitoring programs could be improved by the addition of
sensitive biomarkers. In this study the cell viability and sensitivity of phagocytic function of phagocytes
from bivalves (Mya arenaria) to selected heavy metals were measured by flow cytometry, a novel
approach. Hemocytes (phagocytes) collected from bivalves by puncture of the posterior adductor muscle
were incubated in vitro for 18 h in hemolymph containing 10(-9)-10(-3)M of cadmium chloride, zinc
chloride, mercuric chloride, methylmercury chloride or silver nitrate, before determining their capacity
to phagocytose fluorescent latex beads by flow cytometry. Heterogeneity of the hemocyte cell

popul ation was determined by forward scatter (FSC) and side scatter (SSC) cytometric profile which
showed two distinct cell populations. At low doses (10(-9), 10(-8) M), al the metal compounds studied
stimulated phagocytic activity except silver nitrate. At higher levels of exposure (10(-6), 10(7) M), all
metals caused a significant concentration-related decrease in hemocyte phagocytosis activity. From the
concentration of each metal inducing 50% suppression (IC50) of the phagocytic activity, the
Immunotoxic potential of metals with respect to phagocytic function can be ranked in the following
increasing order: ZnCl2 < CdCl2 < AgNO3 < HgCI2 < CH3HQCI. Parallel analysis of hemocyte
viahility showed that suppression of phagocytosis by heavy metals was not solely related to a decreased
cell viability. These results reveal the high but different degree of sensitivity of the phagocytosis activity
of bivalves with respect to heavy metals, as measured by flow cytometry, and demonstrate that flow
cytometry is apotentially useful tool in ecotoxicological monitoring.

Burkholder IM, Marshall HG, Glasgow HB, Seaborn DW, Deamer-Melia NJ. The standar dized fish
bioassay procedurefor detecting and culturing actively toxic (italic)pfiesteria(/italic), used by two
reference laboratoriesfor Atlantic and Gulf Coast states. Environ Health Perspect 2001;109 Suppl
5:745-56.

Abstract: In the absence of purified standards of toxins from (italic)Pfiesteria(/italic) species,
appropriately conducted fish bioassays are the "gold standard” that must be used to detect toxic strains of
(italic)Pfiesteria(/italic) spp. from natural estuarine water or sediment samples and to culture actively
toxic (italic)Pfiesteria(/italic). In this Article, we describe the standardized steps of our fish bioassay as
an abbreviated term for a procedure that includes two sets of trials with fish, following the Henle-Koch
postulates modified for toxic rather than infectious agents. This procedure was developed in 1991, and
has been refined over more than 12 years of experience in research with toxic (italic)Pfiesteria(/italic).
The steps involve isolating toxic strains of (italic)Pfiesteria(/italic) (or other potentialy, as-yet-
undetected, toxic (italic)Pfiesteria(/italic) or (italic)Pfiesteria(/italic)-like species) from fish-killing
bioassays with natural samples; growing the clones with axenic algal prey; and retesting the isolatesin a
second set of fish bioassays. The specific environmental conditions used (e.g., temperature, salinity,
light, other factors) must remain flexible, given the wide range of conditions from which natural
estuarine samples are derived. We present a comparison of information provided for fish culture
conditions, reported in international science journals in which such research is routinely published, and
we provide information from more than 2,000 fish bioassays with toxic (italic)Pfiesteria,(/italic) along
with recommendations for suitable ranges and frequency of monitoring of environmental variables. We
present datg1 glemonstrati ng that algal assays, unlike these standardized fish bioassays, should not be used



to detect toxic strains of (italic)Pfiesteria(/italic) spp. Finaly, we recommend how quality control/
assurance can be most rapidly advanced among laboratories engaged in studies that require research-
quality isolates of toxic (italic)Pfiesteria(/italic) spp.

Carvan MJ 3rd, Dalton TP, Stuart GW, Nebert DW. Transgenic zebr afish as sentinelsfor aquatic
pollution. Ann N 'Y Acad Sci 2000;919:133-47.

Abstract: Using the golden mutant zebrafish having a decrease in interfering pigmentation, we are
developing transgenic lines in which DNA motifs that respond to selected environmental pollutants are
capable of activating areporter gene that can be easily assayed. We have begun with three response
elements that recognize three important classes of foreign chemicals. Aromatic hydrocarbon response
elements (AHRES) respond to numerous polycyclic hydrocarbons and hal ogenated coplanar molecules
such as 2,3,7,8-tetrachl orodibenzo-p-dioxin (TCDD; dioxin) and polychlorinated biphenyls. Electrophile
response elements (EPRES) respond to quinones and numerous other potent electrophilic oxidants. Metal
response elements (MRES) respond to heavy metal cations such as mercury, copper, nickel, cadmium,
and zinc. Soon, we will include estrogen response elements (ERES) to detect the effects of
environmental endocrine disruptors, and retinoic acid response elements (RARE, RXRE) to detect the
effects of retinoids in the environment. Each of these substances is known to be bioconcentrated in fish
to varying degrees; for example, 10(-17) M TCDD in abody of water becomes concentrated to
approximately 10(-12) M TCDD in afish, where it would act upon the AHRE motif and turn on the
luciferase (LUC) reporter gene. The living fish as a sentinel will not only be assayed intact in the
luminometer, but--upon several days or weeks of depuration--would be usable again. To date, we have
established that zebrafish transcription factors are able to recognize both mammalian and trout AHRE,
EPRE, and MRE sequences in a dose-dependent and chemical-class-specific manner, and that
expression of both the LUC and jellyfish green fluorescent protein (GFP) reporter genesis easily
detected in zebrafish cell cultures and in the intact live zebrafish. Variations in sensitivity of this model
system can be achieved by increasing the copy number of response elements and perhaps by altering the
sequence of each core consensus response element and flanking regions. This transgenic technol ogy
should allow for asimple, exquisitely sensitive, and inexpensive assay for monitoring aquatic pollution.
We have already initiated studies using sentinel zebrafish to monitor a public drinking water source.

Carvan MJ 3rd, SolisWA, Gedamu L, Nebert DW. Activation of transcription factorsin zebrafish
cell cultures by environmental pollutants. Arch Biochem Biophys 2000;376(2):320-7.

Abstract: Many classes of environmental pollutants are found at significant levelsin the aquatic
environment. We are designing a fish model as an inexpensive and efficient system for the assessment of
aquatic pollution. Three classes of environmental pollutants-halogenated and nonhal ogenated aromatic
hydrocarbons, heavy metals, and potent electrophiles-are known to upregul ate parcticular mammalian
genes viathe activation of specific DNA motifs called aromatic hydrocarbon (AHRES), heavy metal
(MREs), and electrophile (EPRES) response el ements, respectively. We have made plasmid constructs,
using these mammalian or trout response elements to drive the luciferase reporter gene. Here we show
that transient transfection of the zebrafish ZEM2S cell line with these reporter constructs imparts dose-
dependent gene induction upon exposure to a variety of chemicals within each of these three classes of
inducers: [a] (AHRE-mediated) 2,3,7,8-tetrachl orodibenzo-p-dioxin, 3-methylcholanthrene, 3,4,5,3',4',5'-
hexabromohiphenyl, Aroclor 1254, and benzo[alpyrene; [b] (M RE-mediated) Cd(2+), Zn(2+), Hg(2+),



and Al(3+); and [c] (EPRE-mediated) tert-butylhydroguinone, Hg(2+), Pb(2+), As(3+), Cu(2+), and Cd
(2+). As expected, some agents gave aresponse to only one of the three classes, whereas others gave a
mixed (AHRE- plus EPRE-mediated or MRE- plus EPRE-mediated) response. In response to several
environmental agents, we found that differences in the electrophoretic mobility shift assay, using the
AHRE or MRE as probe, were consistent with the degree of transcriptional activation seen with the
reporter constructs. Our data suggest that these reporter constructs might be valuable for the generation
of transgenic zebrafish in order to carry out mechanistic and developmental studies of transcriptional
activation by environmental contaminants; moreover, such transgenic zebrafish lines might be useful as
a sentinel for assessing aguatic pollution.

CassellsNP, Lane CS, DepalaM, Saeed M, Craston DH. Microtox testing of pentachlorophenal in
soil extracts and quantification by capillary electrochromatography (CEC)--arapid screening
approach for contaminated land. Chemosphere 2000;40(6):609-18.

Abstract: An approach to rapid soil testing which involved the use of simple solvent extraction methods
was developed. The analytes of interest were priority pollutants of low water solubility which could not
be readily removed from the soil using water. Direct toxicity testing of the soil samples by Microtox
showed a high background toxicity which prevented realistic toxicity datafrom being obtained for the
contaminants present. A range of different extraction solutions was used in an attempt to extract the
contaminants while eliminating the matrix effects of the sail. It was necessary that the solvents selected
for extraction of the soil samples were not of significant toxicity, as this could potentially mask the toxic
effects of any compounds extracted from the soil. The extraction efficiencies of solvent systems were
evaluated using pentachlorophenol (PCP) as a model compound of known toxicity in the Microtox
assay. A rapid and cost-effective method was developed in order to determine the amount of PCP
recovered from the soil by the extraction solvents employed. This method consisted of a solid phase
extraction (SPE) step followed by quantification using capillary electrochromatography (CEC).
Recoveries were greater when a higher proportion of organic solvent (methanol) was used in the
extraction process, and lowest when water was used. An extraction based on water could provide
information on the potential for leaching of contaminants from the soil into nearby water bodiesin an
environmental setting. An organic solvent extraction method could indicate how much toxicity soil-
dependent organisms might be exposed to through ingestion. Extraction based on 50% (v/v) methanol in
water was considered to be the most suitable overall extraction solution for soil screening, given that this
permitted extraction of the water-insoluble compound PCP at alevel which was clearly toxic in the
Microtox assay while also retaining the capability to extract water-soluble contaminants.

Castano A, Sanchez P, Llorente MT, Carballo M, delaTorre A, Munoz MJ. The use of alternative
systemsfor the ecotoxicological screening of complex mixtureson fish populations. Sci Total
Environ 2000;247(2-3):337-48.

Abstract: This paper presents the results of the use of alternative systemsin a screening study of four
complex mixtures. The following tests were performed: in vitro induction of micronuclel in arainbow
trout-derived cell line by flow cytometry, and hatching percentage, time of hatching and teratogenic
aterations on the embryolarval development on medaka fish eggs. The results obtained with the
proposed tests in this study allows an increase in the information level in a short period of time (2
weeks), usipg very low sample volumes (< 100 ml). Inclusion of chronic and specific effects



(genotoxicity and teratogenicity) allows the selection of the most sensitive endpoint to increase security
factorsin the ecotoxicological assessment of complex mixtures, so that detailed studies can be focused
only on those samples which require further research.

Chandler GT, Green AS. Developmental stage-specific life-cycle bioassay for assessment of
sediment-associated toxicant effects on benthic copepod production. Environ Toxicol Chem 2001;20
(2):171-8.

Abstract: In chronic bioassays of sediment organic compounds, toxicant exposures often decline through
time, such that the beginning of atest yields disproportionately higher exposures than the end. Thus,
those life stages initiating a test often are exposed to the highest concentrations, and for rapidly maturing
test fauna, this may lead to varying conclusions regarding compound toxicities depending on the initial
life stage chosen. This problem can be addressed by comparative full life-cycle testsinitiated with
different test-organism life stages. Thus, afull life stage-to-life stage toxicity test was developed for the
rapidly maturing meiobenthic copepod Amphiascus tenuiremis to assess the importance of
developmental stage at the onset of sediment toxicant exposure relative to reproduction, net population
growth, and sex and age structure. Tests were conducted with amodel spiked-sediment insecticide,
chlorpyrifos, for each of the mgjor life stages (P1) of A. tenuiremis (nauplius, copepodite, and adult).
Each P1 stage was allowed to mature and reproduce in low chlorpyrifos concentrations (6-33% of stage-
specific 96-h LCH0s; 4-22 ng chlorpyrifos/g dry sediment) for 26 d. Test endpoints were numbers of
surviving adult females, males, eggs per female (clutch), first generation (F1) nauplii, F1 copepodites,
F1 total production, and realized F1 production per surviving female. Only the copepodite P1 test
showed a significant decline in survival of an adult age class: females declined by 28% at 22 ng/g.
Reductions in total production ranged from 33-96% of controls from nauplius to adult. The P1 naupliar
stage was most sensitive, with F1 production being 33-47% of that in controls. However, on arealized
production per female basis, both the copepodite and naupliar P1 yielded significantly reduced F1s of 23
and 40% of controlsat 11 and 22 ng/g.

Cheng SH, Chan PK, Wu RS. The use of microangiography in detecting aberrant vasculaturein
zebrafish embryos exposed to cadmium. Aquat Toxicol 2001;52(1):61-71.

Abstract: Embryonic vascular patterns in zebrafish (Danio rerio) could be visualised by confocal
microscopy coupled with microinjected fluorescent microbeads. This microangiographic technigue was
adopted here, for the first time, to study the effects of cadmium on cardiovascular development in
zebrafish embryos. Zebrafish embryos were incubated in culture medium containing 100 microM
cadmium from 5 h post fertilisation (hpf) to 48 hpf. At 48 hpf, embryos were examined for viability and
occurrence of malformations. The 100 microM cadmium caused 32.21 +/- 3.65% mortality and 20.33
+/- 4.04% visible malformations in surviving embryos. In the remaining embryos with no visible signs
of malformations, further assessments for less obvious abnormalities were performed. Assessments on
craniofacial development were made by digital measurements on areas of brains and eyes. Cardiac
development was assessed by immunostaining the heart with the antibody MF20 specific for myosin
heavy chain. Body lengths of the embryos were also measured. Embryonic development of brains, eyes,
hearts and body |lengths of visibly healthy embryos in the cadmium treatment group showed no
significant difference from the controls. Embryonic vascul ature of these visibly healthy embryos was
then studied by microinjecting fluorescent microbeads of diameter 0.02 microm into the circulation. All



the cadmium treated embryos showed localised vascular defectsin the dorsal aortae, segmental and
cranial vessels while none of the control embryos showed any aberrant patterns in the networking of the
vasculature. Improved image analyses on the anterior regions revealed that cadmium treated embryos
had markedly less complex networks of cranial vessels with fewer vessals perfusing the craniofacial
regions. The number of branch pointsin the vascular network was counted. In untreated embryos, there
were 135.6 +/- 51 branches in the vasculature in entire body. In the cadmium treated embryos, there
were 64.5+/-31 branches. The difference was significant when assessed with Student's t-test. It appeared
that although cadmium did not cause any signs of external malformations in these visibly healthy
embryos, nonetheless induced impaired branching and anastomsis of the cranial vessels. This study
revealed, for the first time, that vital vascular structuresin fish embryos could be affected by exposure to
cadmium. This technique allowed visualisation of vascular anomalies in embryos showing no external
signs of malformations. The impairment of anatomical features during embryonic development might
serve as meaningful health endpoints in ecotoxicological studies and in risk assessment.

Fargasova A. Winter third- to fourth-instar larvae of Chironomus plumosus as bioassay tools for
assessment of acute toxicity of metals and their binary combinations. Ecotoxicol Environ Saf
2001;48(1):1-5.

Abstract: The ecotoxicological effect expressed as mortality of four metal ions (Cd, Cu, Zn, Al) and
their associations on winter third- to fourth-instar larvae of Chironomus plumosus was determined. The
effect of individual metals was introduced as acute toxicological effect and expressed as L C(50) and

L C95 values with 95% intervals of confidence. On the basis of the LC50 values the toxicity of metals
after 96 h treatment was ranked Cu>>Cd>Zn>Al. Copper was at least 100 times more toxic than other
metals tested. When the acute toxic effect of metal pairs was observed, in general, deleterious effects
were directly proportional to metal concentrations. The toxicity of metals in combinations was different
from that of individual metals, because of either antagonism or synergism. From the results obtained it
can be concluded that when in metal pairsin which the original metal (the metal for which the
interaction was determined) is at the lower concentration (Cd 10 mg x L(-1), Zn25mg x L(-1), Al 25
mg x L(-1), Cu 0.1 mg x L(-1)), the prevailing interaction is synergism (mortality was higher for metal
combinations than for individual metals). Except for an overadditive effect (synergism), additivity was
also confirmed in some cases (A125+Cd10; Al25+Cd25; Al25+Cu0.1; Cu0.1+Cd10; Cu0.1+Cd25; Cu0.1
+AI150). Synergism, in combinations in which the original metal is at the higher concentration (Cd 25 mg
x L(-1),Zn50 mg x L(-1), Al 50 mg x L(-1), Cu 1.0 mg x L(-1)), was observed only for the pairs Zn50
+Al125 and Zn50+Cul.0. Reciprocal additivity was observed after 96 h of treatment only for the
combination Zn50+AI50. For all other binary combinations in which the original metal was at the higher
concentration, an antagonistic effect was confirmed.

Fent K. Fish cell lines as ver satile toolsin ecotoxicology: assessment of cytotoxicity, cytochrome
P4501A induction potential and estrogenic activity of chemicals and environmental samples.
Toxicol In Vitro 2001;15(4-5):477-88.

Abstract: In vitro systems such as primary cells and cell lines are of growing importance in
ecotoxicology. Cells from different tissues and species of fish are used for the assessment of toxic action
of chemicals and evaluation of environmental samples. For organotins and substituted phenols, we have
found that the in vitro cytotoxicity is positively correlated with the acute toxicity in vivo, and therefore



cytotoxicity assays may serve as an alternative for acute fish toxicity testing. We have been using the
hepatocellular carcinoma (PLHC-1) cell line for the assessment of the cytochrome P4501A (CYP1A)
induction potential of polyaromatic hydrocarbons (PAHS), nitro-PAHs and azaarenes. For these
compounds, the CY P1A induction potentia isfound to be related to the molecular structure and
lipophilicity. In mixtures, CY P1A induction of individual compoundsis additive. Based on the
comparative investigation of the induction potential we derived an induction equivalency (IEQ) concept
that can be applied for the evaluation of environmental samples such as landfill leachates, sediments and
motorway runoffs. Fish cell lines are also valuable, rapid and cost-effective tools for the assessment of
estrogenic activity of chemicals and environmental samples. We have developed an estrogen-responsive
reporter gene system using the rainbow trout gonad cell line RTG-2, in which an estrogen receptor beta
form is expressed at very low levels, but is not inducible. Asthe estrogenic activity is dependent on the
cellular level of estrogen receptor (ER), ER has to be co-transfected in transient transfections in addition
to an estrogen-responsive reporter gene. Using adual luciferase system, the estrogenic activity of 12
compounds including alkylphenols, DDT-isomers and its metabolites have been assessed. Our system
shows a high sensitivity with a detection limit of 0.05 nM estradiol and is therefore more sensitive than
many other mammalian or yeast systems. The relative estrogenic activity (e.g. o,p-DDT) and other
toxicological effects may differ from those in mammalian systems, indicating that arisk evaluation for
fish could only be meaningfully assessed in fish-specific systems. This paper illustrates the versatility
and high potential of fish cell linesin ecotoxicology.

Fredrickson HL, Perkins EJ, Bridges TS, Tonucci RJ, Fleming JK, Nagel A, Diedrich K, Mendez-
Tenorio A, Doktycz MJ, Beattie KL. Towar ds environmental toxicogenomics -- development of a
flow-through, high-density DNA hybridization array and its application to ecotoxicity assessment.
Sci Total Environ 2001;274(1-3):137-49.

Abstract: Assessment of the environmental hazard posed by soils/sediments containing low to moderate
levels of contaminants using standard analytical chemica methods is uncertain due (in part) to alack of
information on contaminant bioavailability, the unknown interactive effects of contaminant mixtures,
our inability to determine the species of ametal in an environmental matrix, and the relative sensitivity
of bioassay species. Regulatory agencies compensate for this uncertainty by lowering cleanup goals, but
in this process they effectively exclude otherwise attractive cleanup options (i.e. bioremediation). Direct
evaluations of soil and sediment toxicity preclude uncertainty from most of these sources. However, the
time and cost of chronic toxicity tests limits their general application to higher levels of tiered toxicity
assessments. Transcriptional level (MRNA) toxicity assessments offer great advantages in terms of
speed, cost and sample throughput. These advantages are currently offset by questions about the
environmental relevance of molecular level responses. To this end a flow-through, high-density DNA
hybridization array (genosensor) system specifically designed for environmental risk assessment was
developed. The genosensor is based on highly regular microchannel glass wafers to which gene probes
are covalently bound at discrete (200-microm diameter spot) and addressable (250-microm spot pitch)
locations. The flow-through design enables hybridization and washing times to be reduced from
approximately 18 h to 20 min. The genosensor was configured so that DNA from 28 environmental
samples can be simultaneously hybridized with up to 64 different gene probes. The standard microscopic
slide format facilitates data capture with most automated array readers and, thus high sample throughput
(> 350 samﬁlge/h). In conclusion, hardware development for molecular analysisis enabling very tractable



means for analyzing RNA and DNA. These devel opments have underscored the need for further
developmental work in probe design software, and the need to relate transcriptional level datato whole-
organism toxicity indicators.

Garay V, Roman G, Isnard P. Evaluation of PNEC values: extrapolation from Microtox, algae,
daphnid, and fish data to HC5. Chemosphere 2000;40(3):267-73.

Abstract: In order to evaluate the risk to the environment from long term exposure of any discharged
substance, toxicity thresholds are estimated, and parcticularly the Predicted No Effect Concentration
(PNEC). This concentration can be estimated by the classic assessment factor approach or by statistical
methods. These are more scientifically sound but they require several (at least 5-6) chronic ecotoxicity
data, implying greater cost and time. New extrapolation methods derived from the statistical concept but
requiring less data have been studied. Results show that methods based on chronic data are more reliable
than methods based on acute data but the improvement is quite small. Considering the costs of chronic
tests compared to acute tests, approaches based on acute data are an attractive alternative. A smple
regression on the mean of the acute data gives the best results.

Geffard O, Budzinski H, Augagneur S, Seaman MN, His E. Assessment of sediment contamination by
sper miotoxicity and embryotoxicity bioassays with sea urchins (Paracentrotuslividus) and oysters
(Crassostrea gigas). Environ Toxicol Chem 2001;20(7):1605-11.

Abstract: Gametes (sperm) and fertilized eggs (embryos) of the Mediterranean sea urchin, Paracentrotus
lividus, and the Japanese oyster, Crassostrea gigas, were used to investigate the toxicity of two marine
sediments, one polluted by polycyclic aromatic hydrocarbons (PAH) and the other by heavy metals. The
sediment samples were freeze-dried for storage, and three different treatments were used for analysis:
whole sediment, unfiltered elutriate, and filtered elutriate. The two sediments were toxic to sea urchin
spermatozoa but not to oyster spermatozoa, and embryotoxicity was amost always the more sensitive
endpoint for toxicity assessment. As arule, whole sediment was more toxic than the elutriates by nearly
two orders of magnitude. With respect to embryotoxicity, the whole sediments and the elutriates of the
PAH-contaminated sediment were more toxic to oyster embryos, whereas the e utriates of the sediment
polluted by heavy metals had stronger effects on sea urchin embryos. The results confirm that bioassays
with Japanese oyster embryos provide a more sensitive appraisal of toxicity in the marine environment
than bioassays with other developmental stages. As awhole, Mediterranean sea urchins and Japanese
oysters were similar in overall sensitivity and are therefore both equally suited as bioassay organisms,
but tests with oysters are more reproducible because of the better performance of the controls.

Grant RJ. A bioassay for the measurement of insecticide concentration. Arch Environ Contam
Toxicol 2001;41(3):319-24.

Abstract: A bioassay was developed to measure insecticide residues using fruit flies (Drosophila
melongaster). After adding a known volume of sampling solution, the time at which 50% of the flies
were dead (LT (50)) was recorded and cross-referenced to the appropriate calibration curve. Using

known standards, comparable results were obtained using the bioassay and GC-MS. The bioassay allows
concentrations of synthetic pyrethroidsaslow as 1 pg L(-1) to be measured with a variance of < 5%.
The bioassay can be used reliably over a wide range of temperatures and it is tolerant to arange of pH
and surfacg tensions of the test solution. The whole bioassay is compact, physically robust, and simple to



use; hence, it could be of usein the field as a quick preliminary assessment of water contamination.

Jha AN, Cheung VV, Foulkes ME, Hill SJ, Depledge MH. Detection of genotoxinsin the marine
environment: adoption and evaluation of an integrated approach using the embryo-larval stages
of the marine mussel, Mytilus edulis. Mutat Res 2000;464(2):213-28.

Abstract: In genetic ecotoxicology or eco-genotoxicology, there islack of well-validated systems which
could demonstrate the utility of multiple endpointsin environmental quality assessment. For an
evaluation of genotoxic potential of heterogeneous marine sediment samples collected from a small
fishing harbour in the UK, an in vivo test system using embryo-larval stages of the common mussel,
Mytilus edulis was validated against direct and indirect acting reference mutagens. The system appeared
to be sensitive and reproducible for cytogenetic endpoints analysed (sister chromatid exchanges (SCEs)
and chromosomal aberrations (CAbs)). Following validation and chemical characterisation of the
environmental samples, multiple endpoints were measured. Determination of the maximum tolerated
dose (MTD) was carried out as a measure to determine cytotoxic effects as a confounding factor for
genotoxicity, based on developmental and cytotoxic (in terms of proliferative rate index or PRI) effects.
Evaluation of the genotoxic potential of the samples gave a positive response for all the endpoints tested,
linking different levels of biological organisation (i.e., chromosomal, cellular and organismal) for the
observed effects. The study also emphasises the need for the assessment of the short and long-term
impacts of dredge disposal on marine biota by including laboratory-based bioassays and incorporating
an integrated approach which could yield as much useful information as possible in overall hazard and
risk assessment for aguatic genotoxicity.

Jonczyk E, Gilron G, Zgdlik B. Sea ur chin fertilization assay: an evaluation of assumptionsrelated
to sample salinity adjustment and use of natural and synthetic marine watersfor testing. Environ
Toxicol Chem 2001;20(4):804-9.

Abstract: Most industrial effluents discharged into the marine coastal environment are freshwater in
nature and therefore require manipulation prior to testing with marine organisms. The sea urchin
fertilization test is a common marine bioassay used for routine environmental monitoring, investigative
evaluations, and/or regulatory testing of effluents and sediment pore waters. The existing Canadian and
U.S. Environmental Protection Agencies test procedures using sea urchin (and sand dollar) gametes
allow for sample salinity adjustment using either brine or dry salts. Moreover, these procedures also
allow for the use of either natural or synthetic marine water for culturing/holding test organisms and for
full-scale testing. At present, it is unclear to what extent these variables affect test results for whole
effluents. The test methods simply state that there are no data available and that the use of artificial dry
sea salts should be considered provisional. We conducted a series of concurrent experiments aimed at
comparing the two different treatments of sample salinity adjustment and the use of natural versus
synthetic seawater in order to test these assumptions and evaluate effects on the estimated end points
generated by the sea urchin fertilization sublethal toxicity test. Results from these experiments indicated
that there is no significant difference in test end points when dry salts or brine are used for sample
salinity adjustment. Similarly, results obtained from parallel (split-sample) industrial effluent tests with
natural and artificial seawater suggest that both dilution waters produce similar test results. However,
data obtained from concurrent tests with the reference toxicant, copper sulfate, showed higher variability
and greater sensitivity when using natural seawater as control/dilution water.



Kammann U, Riggers JC, Theobald N, Steinhart H. Genotoxic potential of marine sediments from
the North Sea. Mutat Res 2000;467(2):161-8.

Abstract: The alkaline comet assay is a method for detecting DNA strand breaks and alkali labile sitesin
individual cells. Anin vitro system was used to investigate the genotoxic potential of complex mixtures
such as organic extracts of marine sediments. DNA damage was induced in leukocytes isolated from
carp (Cyprius carpio) by exposure to organic sediment extracts from the North Sea or hydrogen peroxide
as positive control, respectively. The minimum concentration for significant effects ranged from 1 to 40
mg sediment dry weight per milliliter assay volume. The sensitivity of the method was enhanced by
using the DNA repair inhibitor, 1-beta-D-arabinofuranosylcytosine (ara C). From the results, it can be
suggested that total organic carbon (TOC) as well as the different compositions of contaminants present
in the sediment extracts may contribute to the genotoxic effects observed. The comet assay can be
applied successfully as anin vitro bioassay for investigations on genotoxicity of marine sediment
extracts.

Kater BJ, Postma JF, Dubbeldam M, Prins JT. Comparison of laboratory and in situ sediment
bioassays using Corophium volutator. Environ Toxicol Chem 2001;20(6):1291-5.

Abstract: Bioassays with the marine amphipod Corophium volutator were performed simultaneously in
situ and in the laboratory using sediments sampled from the in situ locations. In most cases, thein situ
response was significantly higher compared to the laboratory response. This difference was not caused
by direct influence of the use of the field chamber on Corophium sp., nor was the difference caused by
the overlying water used. Experiments showed homogenization can affect the toxicity of a sediment, but
not in such away that it can completely explain the difference between the response in situ and in the
laboratory. Possible explanatory factors are harbor activity, storms, and temperature. To reduce the
influence of some of these factors, the best period of the year to perform in situ bioassays with C.
volutator is May, June, or September.

Koh CH, Kim GB, MaruyaKA, Anderson JW, Jones JM, Kang SG. I nduction of the P450 reporter
gene system bioassay by polycyclic aromatic hydrocarbonsin Ulsan Bay (South Korea) sediments.
Environ Pollut 2001;111(3):437-45.

Abstract: Polycyclic aromatic hydrocarbons (PAHS) and induction of the P450 reporter gene system
(RGS) for 6- and 16-h exposure periods were determined in organic extracts of Ulsan Bay (South Korea)
sediments to assess the utility of this bioassay as a screening tool for PAH contamination. The sum of
the concentrations of 23 individual PAHs in 30 sediment samples (ssigma PAH) based on GC-MS
analysis ranged from 0.05 to 6.1 micrograms/g dry wt. P450 RGS fold induction ranged from 4.0 to 320
micrograms/g based on benzo[ a] pyrene toxic equivaents (BaPEq). P450 RGS BaPEq and the ‘chemical
BaPE(', defined as the sum of the products of individual PAH concentrations and pre-determined toxic
equivalency factors, exhibited very strong positive correlations with sigma PAH (r2 > 0.90; P < 0.001).
Fold induction did not increase (and in some cases decreased) after the optimal incubation period (6 h)
for PAHSs, indicating that other compounds known to induce the P450 RGS (e.g. chlorinated organics)
were not present at levels effecting significant induction. This was supported by GC-ECD analysis
where non-ortho and mono-ortho polychlorinated biphenyls (PCBs) known to be strong P450 RGS
inducers were found to be at very low or non-detectable levels in samples with the highest P450 RGS



responses. The profound difference in PAH profiles for the two most contaminated sites suggested that
this assay is especially sensitive for selected PAHs with greater than four rings. Combined with previous
results, the P450 RGS shows promise as a useful screening tool for predicting deleterious biological
effects resulting from CY P1A 1-inducing, sediment-associated chemicals, parcticularly high molecular
weight PAHSs.

Lyytikainen M, Sormunen A, Ristola T, Juvonen R, Kukkonen JV. Toxicity of freshwater sedimentsin
the vicinity of an old sawmill: application of three bioassays. Arch Environ Contam Toxicol 2001;40
(3):318-26.

Abstract: Toxicity of contaminated sediments collected from an old sawmill area and the downstream
river-lake system was assessed with three different bioassays. Survival and growth were used as
endpoints in subchronic (10-day) test with Chironomus riparius and growth and reproduction in long-
term (28-day) test with Lumbriculus variegatus. A microbial bioluminescent direct contact assay, the
Flash test, was also included in the test set to measure acute toxicity. In every bioassay, sediment from a
pool of the sawmill was found to be toxic, and some adverse effects were found in other sediments as
well. The bioassays were then compared to chemical analysis results, which showed the presence of
several toxicants. These results could not, however, be directly connected to any individual toxicant, nor
did they show any obvious trend downstream from the mill.

Martinez-Tabche L, Ortega MD, Ramirez Mora B, German Faz C, Lopez Lopez E, Galar Martinez M.
Hemoglobin concentration and acetylcholinester ase activity of oligochaetesin relation to lead
concentration in spiked sediments from Ignacio Ramirez reservoir. Ecotoxicol Environ Saf 2001;49
(1):76-83.

Abstract: This paper presents toxicity and uptake data of Limnodrilus hoffmeisteri generated by lead in
systems using natural sediments from Ignacio Ramirez reservoir. Lead uptake, hemoglobin
concentration, and acetylcholinesterase activity were studied in L. hoffmeisteri exposed to spiked
sediments. All assays of lead uptake were conducted using whole sediments. Sediment texture was also
considered. Acetylcholinesterase activity and hemoglobin concentration decreased after treatment with
lead. Acetylcholinesterase activity and hemoglobin concentration tests indicated a response to the
concentration of lead. These results suggest the usefulness of a diversity of bioassays to evaluate the
toxicity of sediments polluted with heavy metals. Copyright 2001 Academic Press.

Marvin CH, McCarry BE, VillellaJ, Allan LM, Bryant DW. Chemical and biological profiles of
sediments asindicator s of sources of contamination in Hamilton Harbour. Part |1 bioassay-
directed fractionation using the Ames Salmonella/micr osome assay. Chemosphere 2000;41(7):989-
99.

Abstract: Bottom sediment and suspended sediment samples from Hamilton Harbour (western Lake
Ontario) and from amajor tributary were profiled using a bioassay-directed fractionation approach.
Sampl e extracts were fractionated using an alumina/Sephadex gel clean-up procedure to afford non-
polar aromatic fractions which were characterized using chemical analyses and the Ames/microsome
bacterial assay in Salmonella typhimurium strains Y G1025 with the addition of oxidative metabolism
(S9), and Y G1024 without S9. Non-polar aromatic fractions of selected samples were separated by
normal phagg HPLC into 1-min fractions which were subjected to bioassay analyses. The bioassays



using strain Y G1025+S9, a TA100-type strain, were performed to assess genotoxicity arising from the
presence of polycyclic aromatic hydrocarbons (PAH). Fractions which exhibited mutagenic activity
contained PAH with molecular masses of 252, 276 and 278 amu; these fractions contained over 80% of
the genotoxicity attributable to PAH. Individual compounds identified using Gas Chromatography-Mass
Spectrometry analyses in these active fractions included benzo[a]pyrene, indeno[ cd]pyrene and dibenz| a,
hlanthracene. The Y G1025+S9 mutagenic activity profiles were similar for all samples. Mutagenic
activity profiles generated using strain Y G1024-S9, a TA98-type strain sensitive to compounds
characteristic of mobile source emissions, were very different. The mutagenic activities in strain

Y G1024-S9 were greatest for harbour-suspended sediment samples collected from sites impacted by a
major tributary. Suspended sediments collected near areas known to contain high levels of coal tar-
contamination in the bottom sediments contained higher levels of genotoxic PAH than suspended
sediments collected from other areas of the harbour.

Meregali G, Vermeulen AC, Ollevier F. The use of chironomid deformation in an in situ test for
sediment toxicity. Ecotoxicol Environ Saf 2000;47(3):231-8.

Abstract: An in situ bioassay using mouthpart deformities in Chironomus riparius larvae was devel oped
to monitor sediment toxicity. Second-instar larvae, along with a standardized amount of food and
sediment taken from the study locations, were enclosed in cages that were placed on the sediment
surface of rivers. Mouthpart deformities were screened after larval molting to the fourth instar (exposure
time: 7-10 days). Mouthpart deformities of caged and field larvae (when present) were related to the
estimated sediment toxicity. By summing toxicant concentrations and normalizing them to the organic
matter and clay contents, a significant relationship between toxicity levels and mouthpart deformitiesin
the mentum was revealed. Results suggest that the pattern of observed deformities was indicative of site
toxicity rather than a characteristic of the laboratory larval population used. The main advantage of the
proposed in situ bioassay is the possibility to assess the incidence of deformities at sites where C.
riparius does not occur naturally.

Nadeau D, Corneau S, Plante I, Morrow G, Tanguay RM. Evaluation for Hsp70 as a biomarker of
effect of pollutantson the earthworm Lumbricusterrestris. Cell Stress Chaperones 2001;6(2):153-
63.

Abstract: Induction of heat shock proteins (Hsps) is often associated with a cellular response to a
harmful stress or to adverse life conditions. The main ams of the present study were (1) to assessiif
stress-induced Hsp70 could be used to monitor exposure of the earthworm species Lumbricus terrestris
to various soil pollutants, (2) to assess the specificity of pollutantsin their tissue targeting and in Hsp70
induction, and (3) to evaluate if dose-response relationships could be established and if the stress-
response observed was specific. The midgut/intestinal tissues of L. terrestris are shown to express an
inducible member of the Hsp70 family after heat shock treatment in vitro and exposures to different soil
toxicantsin vivo (re: artificial soil). Short-term (24-72 hours) and long-term (14-16 days) exposures to
the chemical standards chloroacetamide and pentachlorophenol and to heavy metals (Pb++, Cd++, Cu+
+, and Hg++) also affected the earthworms, and Hsp70 was induced in their midgut/intestinal tissues.
After a 3-day exposure to heavy metals, the level of Hsp70 induction in the midgut/intestinal tissues
appears to correlate well with the reported in vivo and in vitro toxicity data. Comparatively, in proximal
and midbody, wall muscle tissues of animals exposed to the heavy metals, a decrease in expression of



Hsp70 was sometimes detected. Thus Hsp analysis by Western blot in L. terrestris tissues and
parcticularly in the midgut/intestine proved to be a suitable and sensitive assay for adverse effectsin
earthworms and showed a good level of reproducibility despite some individual variations. The use of
pristine/nonexposed animals transposed into contaminated environments as in the present study should
therefore be of high ecological relevance. Induction of Hsp70 in earthworms should represent not only a
good wide-spectrum biomarker of exposure but also a biomarker of effect since known toxicants altered
gene expression in tissues of these animals, as contrasted with a simple accumulation of Hsp. Hence, the
detection of Hsp70 in earthworms can constitute an early-warning marker for the presence of potentially
deleterious agents in soils, with L. terrestrisin parcticular and earthworms in general acting as potential
sentinel animal species.

Radix P, Leonard M, Papantoniou C, Roman G, Saouter E, Gallotti-Schmitt S, Thiebaud H, Vasseur P.
Comparison of four chronic toxicity tests using algae, bacteria, and invertebrates assessed with
sixteen chemicals. Ecotoxicol Environ Saf 2000;47(2):186-94.

Abstract: The performances of four chronic toxicity tests, comprising the Daphnia magna 21-day (d)
(crustacean), Brachionus calyciflorus 2-d (rotifer), Pseudokirchneriella subcapitata 72-h (green algae),
and the Microtox chronic 22-h (bacteria) tests, were compared. Sixteen chemicals with toxicity covering
6 orders of magnitude were studied. Very high correlations were found between the NOEC/EC(10)
Pseudokirchneriella 72-h, NOEC/EC(10) Brachionus 2-d, and the NOEC Daphnia 21-d tests. The
toxicological response of rotifers and microalgae were within the same order of magnitude as the
response of Daphniain 80% of cases (13/16 chemicals). The Microtox chronic test also anticipated the
overall results of the Daphnia 21-d test, but the prediction was rather imprecise, compared with
microalgae and rotifers. The test measuring the algal growth inhibition of P. subcapitata after 72h was
the most sensitive bioassay. Toxicity on microalgae after 72h could be estimated after 5h by measuring
either the direct fluorescence of either photosynthetic pigments or fluorescein diacetate in 56 and 43% of
cases, respectively. The median value of the ratio between EC(10) and EC(50) was 3.75, 2, and 1.5 with
the algae, the rotifers, and the bacteria, respectively.

Repetto G, Jos A, Hazen MJ, Molero ML, del Peso A, Salguero M, Castillo PD, Rodriguez-Vicente MC,
Repetto M. A test battery for the ecotoxicological evaluation of pentachlorophenol. Toxicol In Vitro
2001;15(4-5):503-9.

Abstract: Experimental bioassays are currently used in ecotoxicology and environmental toxicology to
provide information for risk assessment evaluation of new chemicals and to investigate their effects and
mechanisms of action; in addition, ecotoxicological models are used for the detection, control and
monitoring of the presence of pollutants in the environment. As a single bioassay will never provide a
full picture of the quality of the environment, a representative, cost-effective and quantitative test battery
should be developed. The effects of pentachlorophenol were studied using a battery of ecotoxicological
model systems, including immobilization of Daphnia magna, bioluminiscence inhibition in the
bacterium Vibrio fischeri, growth inhibition of the alga Chlorella vulgaris, and micronuclei induction in
the plant Allium cepa. The inhibition of cell proliferation and MTT reduction were investigated in Vero
cells. Neutral red uptake, cell growth, MTT reduction, |lactate dehydrogenase |eakage and activity were
studied in the sailmonid fish cell line RTG-2, derived from the gonad of rainbow trout.
Pentachlorgphenol was very toxic for al biota and cells. The system most sensitive to



pentachlorophenol, was micronuclel induction in A. cepa, followed by D. magnaimmobilization,
bioluminescence inhibition in V. fischeri bacteria at 60 min and cell proliferation inhibition of RTG-2
cellsat 72 h. Inhibition of cell proliferation and MTT reduction on Vero monkey cells showed
intermediate sensitivity.

Rice CA, Myers M S, WillisML, French BL, Casillas E. From sediment bioassay to fish biomarker --
connecting the dots using simpletrophic relationships. Mar Environ Res 2000;50(1-5):527-33.
Abstract: Two common problems in applying and interpreting invertebrate bioassays and fish
biomarkers in sediment toxicology are the wide gap between significant effects concentrations
determined by these two approaches, and a general lack of ecological context. We have devised an
exposure system that is able to reconcile much of the disparity between invertebrate bioassay and fish
biomarker results by incorporating realistic ecological processes based on deposit feeding and predator-
prey interactions. This system relates the disturbance of interest (sediment contamination) to biologically
meaningful effectsin aresource of interest (marine flatfish) via arealistic contaminant vector (a deposit-
feeding polychaete worm). In this pilot study, polychaetes (Armandia brevis) were exposed for 28 days
to clean sediments supplemented with benzo(a)pyrene (BaP), para-para
dichlorodiphenyldichloroethylene (pp'DDE), Aroclor 1254, or field sediments collected from two sites
in Puget Sound, Washington, contaminated predominantly with polcyclic aromatic hydrocarbons
(PAHSs) or chlorinated compounds. Exposed worms were then fed live to juvenile English sole
(Pleuronectes vetulus) for 10 or 12 days. At the end of the exposure period, fish were measured for
length and weight, sacrificed, and preserved for either routine histopathology and immunohistochemical
analysis of cytochrome P450 1A induction, or 32P post-labeling determination of hepatic PAH-DNA
adducts. Growth of predatory flatfish was lower than reference in all but one of eight groups fed
contaminant-exposed polychagetes; however, statistically significant reductions in growth were only
observed in three of these eight groups, at least in part due to low statistical power. Juvenile sole from all
contami nant-exposed groups showed increased expression of CYP1A, and fish exposed to BaP-exposed
worms showed clear evidence of hepatic PAH-DNA adducts. This method allows the concurrent
evaluation of sediment contamination at multiple biological and ecological levels. These results indicate
that sediments determined to be nontoxic by common invertebrate bioassays may have the potential to
cause adverse effects at higher trophic levels.

Robidoux PY, Choucri A, Bastien C, Sunahara Gl, Lopez-Gastey J. Interlaboratory study for the
validation of an ecotoxicological procedureto monitor the quality of septic Sludgereceived at a
wastewater treatment plant. Environ Toxicol 2001;16(2):158-71.

Abstract: Septic tank sludgeis regularly hauled to the Montreal Urban Community (MUC) wastewater
treatment plant. It is then discharged and mixed with the wastewater inflow before entering the primary
chemical treatment process. An ecotoxicological procedure integrating chemical and toxicological
analyses has been recently developed and applied to screen for theillicit discharge of toxic substancesin
septic sludge. The toxicity tests used were the Microtox, the bacterial-respiration, and the lettuce
(Lactuca sativa) root elongation tests. In order to validate the applicability of the proposed procedure, a
two-year interlaboratory study was carried out. In general, the results obtained by two independent
laboratories (MUC and the Centre d'expertise en analyse environnemental e du Quebec) were
comparable gnd reproducible. Some differences were found using the Microtox test. Organic (e.g.,



phenol and formaldehyde) and inorganic (e.g., nickel and cyanide) spiked septic sludge were detected
with good reliability and high efficiency. The relative efficiency to detect spiked substances was > 70%
and confirms the results of previous studies. In addition, the respiration test was the most efficient
toxicological tool to detect spiked substances, whereas the Microtox was the least efficient (< 15%).
Efficiencies to detect spiked contaminants were also similar for both laboratories. These results support
previous data presented earlier and contribute to the validation of the ecotoxicological procedure used by
the MUC to screen toxicity in septic sludge.

Schnurstein A, Braunbeck T. Tail moment ver sustail length--application of an in vitro version of
the comet assay in biomonitoring for genotoxicity in native surface watersusing primary
hepatocytes and gill cells from zebrafish (Danio rerio). Ecotoxicol Environ Saf 2001;49(2):187-96.
Abstract: In order to investigate the suitability of an in vitro version of the comet assay with primary
hepatocytes and gill cells from zebrafish (Danio rerio), cells were isolated by immersion in trypsin/
EDTA solution after whole-body perfusion with phosphate-buffered saline. Within the scope of an 18-
month biomonitoring study, primary cells were used to identify the genotoxic potential of native water
samples from different sites along the major German rivers, Rhine and Elbe, and to evaluate the
sensitivity and practicability of the chosen assay. Depending on the endpoint measured, considerable
differences were detected with respect to the number of genotoxic surface water samples. Whereas no
differences could be recorded for tail moment and relative DNA contents of head and tail, the number of
positively tested native surface water samples significantly increased with tail length as endpoint.
Copyright 2001 Academic Press.

Schramm KW, Klimm C, Hofmaier A, Kettrup A. Comparison of dioxin-like-responsein vitro and
chemical analysis of emissions and materials. Chemosphere 2001;42(5-7):551-7.

Abstract: Samples from industrial and domestic emissions and materials were investigated by using in
vitro assays for dioxin-like-response (DLR) and chemical analysis. The results show a small part of
persistent bioaccumulative toxicants (PBT) to be responsive in vitro. Clean-up procedures directed to
persistence decrease the amount of inducing toxicants substantially. The comparison of biological in
vitro (B) and chemical (A) analysis show ratios between B and A below 10 for DLR of persistent
inductors. The consideration of PAH improved the knowledge about unknown |ess persistent agonists.

Shaw JP, Large AT, Chipman JK, Livingstone DR, Peters LD. Seasonal variation in mussel Mytilus
edulis digestive gland cytochrome P4501A- and 2E-immunoidentified protein levelsand DNA
strand breaks (Comet assay). Mar Environ Res 2000;50(1-5):405-9.

Abstract: Mytilus edulis digestive gland microsomes were prepared from indigenous popul ations
sampled from a clean reference site (Port Quin) and an urban-industrial contaminated site (Blackpool) in
the UK. Samples were collected in March/April, May, August and December 1998. Western blot
analysis was performed using polyclonal antibodies to fish CYP1A and rat CY P2E using partialy
purified M. edulis CY P as a positive control, to aid identification. CY P1A- and CY P2E-immunopositive
protein levels showed different site-specific seasonal variation with higher levels of CY P2E determined
in May (P < 0.05). At both sites, lower levels of CY P1A-immunopositive protein but not CY P2E-
Immunopositive protein were observed in the samples collected in December (P < 0.05). This correl ated
with lower Jgvels of nuclear DNA damage (Comet assay expressed as per cent tail DNA) observed in



December compared to August (P < 0.05).

Simms W, Ross PS. Vitamin A physiology and its application as a biomarker of contaminant-
related toxicity in marine mammals: areview. Toxicol Ind Health 2001;16(7-8):291-302.

Abstract: In recent decades, marine mammal populations living in highly polluted areas have
experienced incidences of low reproductive success, developmental abnormalities and disease outbreaks.
In many of these cases, environmental contaminants were suspected as causal or contributing factors.
However, demonstrating a mechanistic link between contaminant exposure and effect in marine
mammal populations has proven challenging. Consequently, the development and application of
relatively noninvasive biomarkers represents a potentially valuable means of monitoring wildlife

popul ations exposed to elevated levels of contaminants. One touted biomarker is vitamin A (retinol), a
"dietary hormone" whose metabolites are required for reproduction, growth, development, immune
function, vision and epithelial maintenance. Laboratory studies have shown that many contaminants,
including polychlorinated biphenyls (PCBs), polychlorinated dibenzo-para-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs), can disrupt vitamin A physiology and ater the distribution of
its essential metabolites. Field studies suggest that complex environmental mixtures of these chemicals
can also interfere with vitamin A dynamicsin free-ranging marine mammals and other fish-eating
wildlife. However, circulatory retinol, which is the least invasive measurement of vitamin A status,
appears to have variable responses to contaminant exposure. In addition, "normal” circulatory retinol
levels have not yet been described for most wildlife species, and not enough is known about the natural
physiological eventsthat can alter these concentrations. Confounding factors must therefore be
characterized before retinoids can be used as an effective indicator of adverse health effectsin marine
mammals exposed to elevated levels of environmental contaminants.

Sisinno CL, Oliveira-Filho EC, Dufrayer MC, Moreira JC, Paumgartten FJ. Toxicity evaluation of a
municipal dump leachate using zebr afish acutetests. Bull Environ Contam Toxicol 2000;64(1):107-
13.

Szamosi-Hernadi D, Olah B, Gaty S, Pap L. Ecotoxicological experienceson Lemna minor test
system. Cent Eur J Public Health 2000;8 Suppl:96-7.

Abstract: Are plants generally less sensitive to toxicity than aguatic animals as indicated by some
authors (1)? The use of phytotoxicity (higher plant) tests as a part of ecotoxicology isrelatively
underdeveloped. The objective of this study was to compare the results of the OECD Lemna Growth
Inhibition Test with other mainly used test systems. Three toxicants were tested applying the Alga
Growth Inhibition Test (Seleneastrum capricornutum), the Daphnia lmmobilization Test (Daphnia
magna) and the MICROTOX-test (Photobacterium phosphoreum). Duckweed plants were found to be
sensitive to the chemicals tested, with nearly 100% inhibition of frond production occurring in the
highest concentrations. The plants in some samples showed lesions (break up of the colony structure)
and loss of green pigments (chlorosis), others showed localized dead tissues (necrosis). In addition to the
morphological deviations (appearance) there is awide range of characteristics to be observed on the test
plants. number of fronds, number of plants, biomass, dry weight, mortality, CO2 and O2 exchange,
concentration of chlorophyll aand chlorophyll b. It is consistent that the number of frondsis dlightly
more sensitjye than or the same as the number of plants and that the biomass tend to be somewhat more



tolerant than those for the number of plants (2). Applying the simplest way of observation, changesin
the frond number were recorded. As Lemna minor show a characteristical sensitivity to the different
kind of chemicals, it isapromising indicator of aguatic toxicity.

Takanashi H, Urano K, HirataM, Hano T, Ohgaki S. Method for measuring mutagen for mation
potential (MFP) on chlorination asa new water quality index. Water Res 2001;35(7):1627-34.
Abstract: A novel water quality index, the mutagen formation potential (MFP) is proposed for usein
evaluation of the quality of drinking water which may contain pollutants capable of forming mutagens
when chlorinated under the conditions used in water purification processes. A method for measuring
MFP was established as follows. The water sample to be tested is diluted until the TOC reaches 3-4 mg |-
1, the pH is adjusted to 7.0 +/- 0.2, sodium hypochlorite is added to obtain conditions where CI/TOC = 3-
4 mg ClI (mg C)-1, and the water sampleisleft standing for 24 +/- 2 h at room temperature. Thereafter,
21 of the chlorinated water sample at pH 2.0 +/- 0.1 is passed through a Sep-Pak Plus CSP-800 cartridge
to adsorb any mutagens formed, and DM SO is applied to the cartridge to desorb the mutagens. Then, a2
ml sample of the eluate is collected after the DM SO had begun to flow out of the cartridge and evaluated
by the Ames Salmonella mutagenicity assay (preincubation method).

Verhaar HJ, Solbe J, Speksnijder J, van Leeuwen CJ, Hermens JL. Classifying environmental
pollutants: Part 3. External validation of the classification system. Chemosphere 2000;40(8):875-83.
Abstract: In order to validate a classification system for the prediction of the toxic effect concentrations
of organic environmental pollutantsto fish, all available fish acute toxicity data were retrieved from the
ECETOC database, a database of quality-evaluated aguatic toxicity measurements created and
maintained by the European Centre for the Ecotoxicology and Toxicology of Chemicals. The individual
chemicals for which these data were available were classified according to the rulebase under
consideration and predictions of effect concentrations or ranges of possible effect concentrations were
generated. These predictions were compared to the actual toxicity data retrieved from the database. The
results of this comparison show that generally, the classification system provides adequate predictions of
either the aquatic toxicity (class 1) or the possible range of toxicity (other classes) of organic
compounds. A slight underestimation of effect concentrations occurs for some highly water soluble,
reactive chemicals with low log K(ow) values. On the other end of the scale, some compounds that are
classified as belonging to arelatively toxic class appear to belong to the so-called baseline toxicity
compounds. For some of these, additional classification rules are proposed. Furthermore, some groups of
compounds cannot be classified, although they should be amenable to predictions. For these compounds
additional research asto class membership and associated prediction rulesis proposed.

Vighi M, Gramatica P, Consolaro F, Todeschini R. QSAR and chemometric approachesfor setting
water quality objectivesfor danger ous chemicals. Ecotoxicol Environ Saf 2001;49(3):206-20.
Abstract: In order to evaluate environmentally safe levels of dangerous chemicals, there isthe need for a
set of toxicological data on organisms representative of the ecosystems, which is often unavailable or
inadequate. In this Article, a predictive approach was applied to a set of 125 chemicals (derived from the
European priority list in compliance with Directive 76/464/EEC), for which water quality objectives
were available. Toxicological data on organisms representative of the aquatic environment (algae,
Daphnia, ang fish) were taken from the literature or predicted by means of quantitative structure--



activity relationships. This provided toxicological data on all three organismsfor 97 of 125 chemicals
and on at least two organisms (Daphnia and fish) for the whole data set. Principal Component Analysis
was applied in order to perform an apriori classification of chemicals based on toxicity data. Then
several classification models, based on traditional and nontraditional molecular descriptors, were
applied. Classification models gave results in agreement with the a priori classification as well as with
the original water quality objectives classification. The behavior of some outliers was explained. The
approach described appears to be a useful tool for the preliminary classification of chemicals that are
dangerous to the aquatic environment for which toxicological data are inadequate. Copyright 2001
Academic Press.

WEells PG, Depledge MH, Butler JN, Manock JJ, Knap AH. Rapid toxicity assessment and
biomonitoring of marine contaminants--exploiting the potential of rapid biomarker assays and
microscale toxicity tests. Mar Pollut Bull 2001;42(10):799-804.

Abstract: Thereisagreat need for an integrated international effort in research and training using rapid,
easy to use, biomarker and microscale ecotoxicity techniques. These techniques must be directed,
coordinated and formulated into protocols that contribute to the prevention and reduction of marine
pollution world-wide and the improvement of ocean and human health. This need should be considered
as urgent by marine environmental scientists, managers and policy makers throughout the world. Our
paper discusses such techniques and suggests a four-point framework for advancing work towards their
wider use, parcticularly in developing coastal nations.

Whyte JJ, Jung RE, Schmitt CJ, Tillitt DE. Ethoxyr esor ufin-O-deethylase (EROD) activity in fish as
a biomarker of chemical exposure. Crit Rev Toxicol 2000;30(4):347-570.

Abstract: This review compiles and evaluates existing scientific information on the use, limitations, and
procedural considerations for EROD activity (a catalytic measurement of cytochrome P4501A
induction) as a biomarker in fish. A multitude of chemicals induce EROD activity in avariety of fish
species, the most potent inducers being structural analogs of 2,3,7,8-tetrachol ordibenzo-p-dioxin.
Although certain chemicals may inhibit EROD induction/activity, this interferenceis generaly not a
drawback to the use of EROD induction as a biomarker. The various methods of EROD analysis
currently in use yield comparable results, parcticularly when data are expressed as relative rates of
EROD activity. EROD induction in fish iswell characterized, the most important modifying factors
being fish species, reproductive status and age, all of which can be controlled through proper study
design. Good candidate species for biomonitoring should have a wide range between basal and induced
EROD activity (e.g., common carp, channel catfish, and mummichog). EROD activity has proven value
as a biomarker in anumber of field investigations of bleached kraft mill and industrial effluents,
contaminated sediments, and chemical spills. Research on mechanisms of CY P1A-induced toxicity
suggests that EROD activity may not only indicate chemical exposure, but also may also precede effects
at various levels of biological organization. A current research need is the development of chemical
exposure-response relationships for EROD activity in fish. In addition, routine reporting in the literature
of EROD activity in standard positive and negative control material will enhance confidence in
comparing results from different studies using this biomarker.

Atienzar FA,,Cordi B, Donkin ME, Evenden AJ, Jha AN, Depledge MH. Comparison of ultraviolet-



induced genotoxicity detected by random amplified polymor phic DNA with chlorophyll

fluor escence and growth in a marine macroalgae, Palmaria palmata. Aquatic Toxicol 2000;50(1-
2):1-12.

Abstract: The random amplified polymorphic DNA (RAPD) technique was used to detect DNA damage
in the sublittoral macroalgae Palmaria palmata (Rhodophyta) exposed to both ambient and elevated
irradiances of UV-B (280-315 nm). To investigate the potential of this method in ecotoxicological
assessments, the qualitative and quantitative modificationsin RAPD profiles were compared with
changesin a number of physiological and fitness parameters. RAPD detectable modificationsin DNA
profiles were observed in all UV exposed individuals compared with controls. Changes in chlorophyl|
fluorescence (F(v)/F(m) ratio), in vivo pigment absorptance, thallus growth and RAPD profiles,
examined simultaneoudly, provided a sensitive measure of UV-induced toxicity. In conclusion, the
application of the RAPD method in conjunction with other suitable physiological and fitness
measurements, may prove to be a vauable tool for investigating the specific effects of genotoxic agents
upon marine algal populations. Ultimately, this methodology may allow the ecotoxicological
examination of the link between molecular alterations and measurable adverse effects at higher levels of
biological organisation.

Bobeldijk I, Brandt A, Wullings B, Noij T. High-performance liquid chromatogr aphy--T oxPrint:
chromatographic analysiswith a novel (geno)toxicity detection. J Chromatogr A 2001;918(2):277-91.
Abstract: In order to aid the monitoring of the overall quality of (surface) waters a new analytical
approach has been developed, combining on-line solid-phase extraction, HPL C separation and effect-
related detection. Compounds present in surface water or wastewater samples are extracted on-line with
Oasis [poly(divinylbenzene-co-N-vinylpyrrolidone)] material and directly fractionated by reversed-
phase HPLC. The eluent of the total chromatogram is collected on amicrotitre plate in fractions of 1 min
each. After evaporation and re-dissolvation in a suitable solvent, the (geno)toxicity of the individual
fractions before and after enzymatic activation with S9, is determined with the umu test. In thisway,
harmful compounds can be detected and localized in the HPL C-diode array detection trace even without
their identity and exact concentration being known at that moment. The method was devel oped using
two test compounds, 4-nitroquinoline-N-oxide and 2-aminoanthracene. Compounds with mutagenic
properties comparable to those of the test compounds can be detected from 0.1 microg/l, whichisa
concentration relevant for surface waters. The new analytical approach was successfully applied to
various types of model samples, aswell asrea wastewater.

Czyz A, Jasiecki J, Bogdan A, Szpilewska H, Wegrzyn G. Genetically modified Vibrio harveyi
strains as potential bioindicator s of mutagenic pollution of marine environments. Appl Environ
Microbiol 2000;66(2):599-605.

Abstract: For biodetection of mutagenic pollution of marine environments, an organism naturally
occurring in these habitats should be used. We found that marine bacterium Vibrio harveyi may be an
appropriate bioindicator of mutagenic pollution. For positive selection of mutants, we developed a
simple method for isolation of V. harveyi mutants resistant to neomycin. We constructed genetically
modified V. harveyi strains that produce significantly more neomycin-resistant mutants upon treatment
with low concentrations of mutagens than the wild-type counterpart. The sensitivity of the mutagenicity
test with thg V. harveyi strainsis at least comparable to (if not higher than) that of the commonly used



Ames test, which uses Salmonella enterica serovar Typhimurium strains. Therefore, we consider that the
V. harveyi strains described in this report could be used as potential bioindicators of mutagenic pollution
of marine environments.

Le Pennec G, Le Pennec M. Evaluation of the toxicity of chemical compounds using digestive acini
of the bivalve mollusc Pecten maximus L. maintained alivein vitro. Aquat Toxicol 2001;53(1):1-7.
Abstract: The digestive gland of bivalve molluscsis amodel of choice for experiments in ecotoxicology
because of itsimplication in detoxification processes moreover of its classical functionsin digestive
phenomena. All physiological deteriorations of this organ, related or not to pollution, can lead to animal
death. The recent development of a method allowing digestive acini of Pecten maximus to be maintained
alivein vitro for 96 h opens up new research prospects in ecotoxicology. The action of contaminants
considered to be cytotoxic or genotoxic in the literature were tested on this model. The results show the
high cytotoxicity of ethylmethane sulphonate 80 and 5 mM after 2 h of contact with acini. Other
compounds such as 4-nitroquinoline-N-oxide 0.1 mM, cadmium chloride 10(-5) M and atrazine 10(-4)
M, which were weakly toxic after 2 h, became highly toxic after 48 h of contact. Compounds such as 4-
nitroquinoline-N-oxide 1 mM, which were not cytotoxic after 2 h, proved to be the most genotoxic of all
those tested. Others, suchasMMS 1 mM, cadmium chloride 10(-4) and 10(-5) M, and atrazine 10(-5)
M, showed an unconfirmed tendency to be genotoxic. The results obtained with this ‘acinus model seem
more readily transposabl e to the whole organism than those obtained with ‘'isolated cell' models, in that
acini can be considered as digestive glands 'in miniature'.

GENOTOXICITY AND MUTAGENESIS

Abe K, Matsuki N. M easurement of cellular 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) reduction activity and lactate dehydrogenaserelease ussng MTT. Neurosci Res
2000;38(4):325-9.

Abstract: 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) reduction assay and
lactate dehydrogenase (LDH) release assay have been widely used for evaluating cell viability in culture.
MTT reduction assay measures the redox activity of living cells, while LDH assay measures the activity
of LDH released into the medium from dead cells. In this paper, we introduce a quick and simple
method of measuring cellular MTT reduction and LDH release with the same dye, MTT. The substrate
mixture for measuring LDH activity contained lactate, beta-nicotinamide adenine dinucleotide, 1-
methoxyphenazine methosulfate, MTT and Triton X-100. When the medium containing LDH was
mixed with the substrates, MTT was converted into MTT formazan in proportion to LDH activity. This
method was successfully applied for evaluating t-butyl hydroperoxide toxicity in cultured rat cortical
astrocytes and glutamate toxicity in cultured rat hippocampal neurons. Our method is economical and
convenient especially for measuring cellular MTT reduction and LDH release in the same culture.

Abu-Shakra A, McQueen ET, Cunningham ML. Rapid analysis of base-pair substitutionsinduced by
mutagenic drugsthrough their oxygen radical or epoxide derivatives. Mutat Res 2000;470(1):11-8.
Abstract: Among the drugs that induce base-pair substitution mutations in the Salmonella reversion
assay are the nitric oxide (NO)-delivery drug, diethylamine NONOate (DeaNO), and the ovarian cancer
chemotherapeutic drug, treosulphan (TE). The present study compared the mutation spectra generated



by DeaNO and TE in the hisG46 strains, TA1535 and TA 100, the hisG428 strain, TA102, and the six
Ames || 7000 series strains. Using these strains, it was feasible to conduct rapid analysis of the type and
magnitude of induced mutation without resorting to DNA amplification and sequencing. A putative
hydrolysis product of TE, 1,2:3,4-diepoxybutane (DEB), and hydrogen peroxide (H(2)O(2)) were
included in the study to allow for further comparisons between epoxide-induced damage and that
induced by the hydroxyl radical. TE (0.93 micromole/pl) induced 16. 8-fold-over-background reversion
or amutagenicity ratio (MR) of 16. 8in TA1535. The response was weaker in TA100 (MR of 3), and
negative in strain TA102. Only two Ames |l strains demonstrated sensitivity to TE, and they were
TA7004 (CG:AT) and TA7005 (GC:AT). Like TE, DeaNO (33 micromole/pl) was mutagenic in
TA1535 (MR of 24.6), TA100 (MR of 5.3), TA7004 (MR of 13.7), and TA7005 (MR of 7.7), and non-
mutagenic in TA102. These results showed a preferential sensitivity to reversion of the -CCC-target in
TA100 and TA1535, and alack of sensitivity to reversion of the -TAA-target in TA102. In addition,
they elucidated the selectivity of the Ames |1 strains, with AT targets showing little or no sensitivity to
reversion. The TE-epoxide derivative DEB was mutagenic in TA1535 and TA7004, but in contrast to
TE, DEB was mutagenic in TA102. Interestingly, TA102 was reverted by DEB and H(2)O(2) but not by
TE or DeaNO. This study showed that analysis of mutations is achievable using the battery of strains
listed above. The fact that DNA damage can be detected by reversion at specific bases offers atool for
understanding the mechanisms through which drugs may exert their DNA and cellular damage.

Abul-Hassan K, Walmsley R, Boulton M. Optimization of non-viral gene transfer to human primary
retinal pigment epithelial cells. Curr Eye Res 2000;20(5):361-6.

Abstract: PURPOSE: To optimise the high efficiency, non-viral transfer of DNA to retinal pigment
epithelial (RPE) cellsin vitro. METHODS: A mammalian expression vector (ocDNA3.1) containing a
firefly luciferase (luc) cDNA was used to transfect RPE cells using different chemical methods; calcium
phosphate, DEAE-dextran and, liposomes-based transfection techniques. Transfection was optimised for
both dose and time of exposure. The efficiency of gene transfer and cytotoxicity was measured 48 hours
post-transfection using luciferase and MTT assays, respectively. The percentage of transfected cells
(using optimal conditions) was determined with a construct expressing ajellyfish green fluorescent
protein (GFP) using flow cytometery. RESULTS: Calcium phosphate and DEA E-dextran techniques
failed to transfect the vector and led to high cytotoxicity. Liposomes-based methods successfully
transferred the vector to RPE cells, but the efficiency varied for different liposomes; Tfx-50 > Lipofectin
> Lipofectamine > Cellfectin > DMRIE-C. No significant cytotoxicity was observed with any of the
liposome treatments. Optimal transfection was achieved with Tfx-50 at a 3:1 ratio of DNA:liposome;
between 12-15% of cells being transfected. CONCLUSIONS: Efficient and non-toxic transfer of
functional genesinto primary RPE cellsin vitro can be successfuly achieved by liposomes-based
techniques. Tfx-50 appears to be a promising non-viral vector for RPE gene transfer.

Abul-Hassan K, Walmsley R, Tombran-Tink J, Boulton M. Regulation of tyr osinase expression and
activity in cultured human retinal pigment epithelial cells. Pigment Cell Res 2000;13(6):436-41.
Abstract: The purpose of this study was to investigate the regulation of tyrosinase gene expression and
activity in cultured human retinal pigment epithelial (RPE) cells. The tyrosinase promoter (Ty.prom)
region (400 bp) was PCR amplified and cloned into a modified mammalian expression vector
(pcDNA3.1) upstream of afirefly luciferase (Luc) cDNA and was designated 'pcDNA3.1-Ty.prom.Luc'.



The plasmid was co-transfected into RPE cells with a second mammalian expression plasmid (pRL-TK)
containing a herpes simplex virus thymidine kinase promoter region upstream of RenillaLucina
protocol designated the 'dual luciferase assay' (DLA). After co-transfection, cells were treated with a
range of potential melanogenic agents; basic fibroblast growth factor (bFGF), methyl methane
sulphonate, alpha-melanocyte stimulating hormone, verapamil, phorbol myristate acetate, choleratoxin
(CT), pigment epithelium derived factor (PEDF), and L-tyrosine. The expression of tyrosinase promoter
and enzymatic activities were determined 48 hr post-transfection using the DLA and DOPA oxidase
assays, respectively. Tyrosinase activity could not be detected in RPE cells with any of the treatments.
Tyrosinase promoter activity was significantly up-regulated in RPE cells treated with bFGF, PEDF,
verapamil, CT and tyrosine compared with control cells. In conclusion, the tyrosinase gene is not only
expressed but can be regulated in response to different chemicals in cultured human RPE cells.
However, it appears that RPE cells in culture lack a post-transcriptional and/or transglational modification
point(s), which are necessary for tyrosinase enzymic activity.

Acton TB, Mead J, Steiner AM, Vershon AK. Scanning mutagenesisof Mcm1: residuesrequired for
DNA binding, DNA bending, and transcriptional activation by a MADS-box protein. Mol Cell Biol
2000;20(1):1-11.

Abstract: MCM1 is an essential genein the yeast Saccharomyces cerevisiae and is a member of the
MADS-box family of transcriptional regulatory factors. To understand the nature of the protein-DNA
interactions of this class of proteins, we have made a series of alanine substitutions in the DNA-binding
domain of Mcm1 and examined the effects of these mutations in vivo and in vitro. Our results indicate
which residues of Mcm1 are important for viability, transcriptional activation, and DNA binding and
bending. Substitution of residuesin Mcm1 which are highly conserved among the MADS-box proteins
are lethal to the cell and abolish DNA binding in vitro. These positions have amost identical interactions
with DNA in both the serum response factor-DNA and alpha2-Mcm1-DNA crystal structures,
suggesting that these residues make up a conserved core of protein-DNA interactions responsible for
docking MADS-box proteins to DNA. Substitution of residues which are not as well conserved among
members of the MADS-box family play important roles in contributing to the specificity of DNA
binding. These results suggest a general model of how MADS-box proteins recognize and bind DNA.
We aso provide evidence that the N-terminal extension of Mcm1 may have considerable conformational
freedom, possibly to allow binding to different DNA sites. Finally, we have identified two mutants at
positions which are critical for Mcm1-mediated DNA bending that have a slow-growth phenotype. This
finding is consistent with our earlier results, indicating that DNA bending may have arolein Mcml
function in the cell.

Adamska M, Wolff A, Kreusler M, Wittbrodt J, Braun T, Bober E. Five Nkx5 genes show differential
expression patternsin anlagen of sensory organsin medaka: insight into the evolution of the gene
family. Dev Genes Evol 2001;211(7):338-49.

Abstract: We report the identification and characterisation of five different Nkx5-related genesin
medaka fish (Oryzias latipes). They constitute homologues of genes previously isolated in higher
vertebrates, Nkx5--1, Nkx5--2, Hmx1/Nkx5--3 and SOHo-1, and were named accordingly: OINkx5--
1.1, OINkx5--2, OINkx5--3 and OISOHo. For the Nkx5--1 gene a new, second homologue, OINkx5--
1.2, wasisglgted. In medaka, Nkx5 and SOHo genes are differentially expressed in three developing



sensory organs: eye, ear and lateral line and later in defined brain regions. Phylogenetic analyses of the
entire Nkx5 family revealed that four paralogous Nkx5 groups, Nkx5--1, Nkx5--2, Hmx1/Nkx5--3/GH6
and SOHo, are present in vertebrates. Only some of the Nkx5 family members have been identified in
singular vertebrate species so far. Here we present, for the first time, the isolation of representatives of
each Nkx5 subgroup in one species, the medaka fish. Based on similarities in sequence and expression
patterns, and genomic organisation we propose a model of the evolutionary history of the Nkx5 family.
The model predicts that the four vertebrate Nkx5 genes arose by atandem duplication, followed by
chromosomal duplication. The two Nkx5--1 genes identified so far exclusively in medaka most probably
result from an additional genome duplication in the fish lineage.

Agapakis-Causse C, Bosca F, Castell JV, Hernandez D, Marin ML, Marrot L, MirandaMA.
Tiaprofenic acid-photosensitized damage to nucleic acids: a mechanistic study using
complementary in vitro approaches. Photochem Photobiol 2000;71(5):499-505.

Abstract: In order to determine whether or not tigprofenic acid (TPA) could cause cellular DNA damage,
human fibroblasts were irradiated in the presence of the drug and subsequently examined by means of
the comet assay. Thisled to the observation that TPA actually sensitizes cellular DNA to the subsequent
irradiation. When TPA was irradiated in the presence of supercoiled plasmid DNA, it produced large
amounts of single-strand breaks (SSB); this is consistent with the effects observed on cellular genomic
DNA by the comet assay. More importantly, low concentrations of TPA, unable to produce direct SSB,
caused photo-oxidative damage to DNA asrevealed by the use of excision-repair enzymes. The fact that
TPA-irradiated DNA was a substrate of formamidopyrimidine glycosylase as well as endonuclease |11
revealed that both purine and pyrimidine bases were oxidized. Thiswas further supported by the TPA-
photosensitized oxidation of 2'-deoxyguanosine which led to a product mixture characteristic of mixed
type-1/1I mechanisms. Thymidine was less reactive under similar conditions, but it also decomposed to
give atypical type-lI product pattern. Accordingly, the TPA triplet was quenched by the two nucleosides
with clearly different rate constants (10(8) vs 10(7) M-1 s-1, respectively). As cellular RNA also
contains oxidizable bases, it could be the target of similar processes, thus interfering with the
biosynthesis of proteins by the cells. Extraction of total RNA from TPA-irradiated human fibroblasts,
followed by gel electrophoresis and PCR analysis, confirmed this hypothesis. Finally, photosensitization
experiments with Saccharomyces cerevisiae showed that, in spite of an efficient drug-yeast interaction
leading to cytotoxicity, neither intergenic recombination nor gene conversion took place. Thus, while
TPA-photosensitized damage to nucleic acids can result in genotoxicity, the risk of mutagenicity does
not appear to be significant.

Agrawa S, Kishore MC. MHC class| gene expression and regulation. J Hematother Stem Cell Res
2000;9(6):795-812.

Abstract: Mg or histocompatibility complex (MHC) is a conglomerate of genes that play an important
role in recognition of self and nonself. These genes are under tight control. In this review we have
discussed the transcription processes regulating MHC gene expression. Various biological or chemical
modulators can modulate MHC gene expression. The promoter region of class | genes can be activated
through several pathways. Hence, these genes are not typical "domestic" genes. Extensive studies on
regulation of MHC class | expression, using transfection techniques and transgenic animal models, have
resulted in jdentification of various cis-acting sequencesinvolved in positive and negative regulation of



class| genes. Work isin progress to identify the transacting proteins that bind to these sites and to
delineate the mechanisms that regulate constitutive and inducible expression of class| genesin normal
and diseased cells. It has been seen that various biological molecules (IFN, GM-CSF, IL-2) and other
chemicals up-regulate the MHC expression. If the exact mechanisms are known by which the expression
of class| genesis up regulated, the efforts can be made to balance the beneficia and toxic effects of
biological molecules with one another, which may facilitate the use of combination of these molecules
In subpharmacological doses (to eliminate toxicity) for early and better management of neoplastic
diseases, asit iswell-known that during malignancy MHC gene expression is down-regulated. In the
future, the use of transgenic and knockout mice will be useful in acquiring a better understanding, which
may further help in cancer therapy.

Albertini RJ. HPRT mutationsin humans: biomarkersfor mechanistic studies. Mutat Res 2001;489
(2):1-16.

Abstract: The X-chromosomal gene for hypoxanthine-guanine phosphoribosyltransferase (HPRT), first
recognized through its human germinal mutations, quickly became a useful target for studies of somatic
mutations in vitro and in vivo in humans and animals. In thisrole, HPRT serves as a simple reporter
gene. Thein vivo mutational studies have concentrated on peripheral blood lymphocytes, for obvious
reasons. In vivo mutationsin T cells are now used to monitor humans exposed to environmental
mutagens with analyses of molecular mutational spectra serving as adjuncts for determining causation.
Studies of the distributions of HPRT mutants among T cell receptor (TCR) gene-defined T cell clonesin
vivo have revealed an unexpected clonality, suggesting that HPRT mutations may be probes for
fundamental cellular and biological processes. Use of HPRT in thisway has allowed the analyses of V
(D)J recombinase mediated mutations as markers of a mutational process with carcinogenic potential,
the use of somatic mutations as surrogate markers for thein vivo T cell proliferation that underlies
immunological processes, and the discovery and study of mutator phenotypes in non-malignant T cells.
In this last application, the role of HPRT isrelated to its function, aswell asto its utility as areporter of
mutation. Most recently, HPRT isfinding use in studies of in vivo selection for in vivo mutations arising
in either somatic or germinal cells.

Aldhous P. 'Saturation screen' lets zebrafish show their stripes. Nature 2000;404(6781):910

AmeixaC, Brickell PM. Characterization of a chicken retinoid X receptor-gamma gene promoter
and identification of sequencesthat direct expression in retinal cells. Biochem J 2000;347(Pt 2):485-
90.

Abstract: Development of the cellular complexity of the vertebrate neural retinarelies on an intricate
interplay between extracellular signals and intracellular factors. In parcticular, transcription factors play
akey role in determining the competence of cells to respond to extracellular signals. We have previously
shown that, in the developing chick neural retina, expression of theretinoid X receptor-gamma (RXR-
gamma?2) nuclear receptor gene is restricted to photoreceptors. To characterize the mechanisms that
regulate expression of this genein the neural retina, we isolated a chicken RXR-gamma genomic clone
containing the RXR-gamma2 promoter and mapped the transcription initiation site by means of
ribonuclease protection. We analysed promoter activity by transient transfection of luciferase reporter
gene constryets into cultured cells isolated from embryonic-chick neural retina or facial mesenchyme,



which does not normally express detectable RXR-gamma2 transcripts. The DNA fragment lying
between nucleotides -657 and +37 with respect to the transcription initiation site had basal promoter
activity in both cell types. The fragment lying between nucleotides -1198 and -991 directed 10-20-fold
higher levels of luciferase activity in neural retina cells, but only basal levelsin facial mesenchyme cells.
This 208 bp fragment also enhanced the activity of the simian-virus-40 promoter, when placed upstream
in either orientation. Electrophoretic-mobility-shift assays using this 208 bp fragment demonstrated the
formation of four neural retina-specific protein-DNA complexes. These results indicate that regulation
of RXR-gamma2 transcription in the developing chick neural retinainvolves the binding of one or more
neural retina-specific protein factors to an enhancer element located approx. 1 kbp upstream of the
transcription initiation site.

Amin F, Bowen ID, Szegedi Z, Mihalik R, Szende B. Apoptotic and non-apoptotic modes of
programmed cell death in M CF-7 human breast carcinoma cells. Cell Biol Int 2000;24(4):253-60.
Abstract: Apoptosisis a specific mode of programmed cell death (PCD), recognized by characteristic
morphological and molecular changes. Here we present evidence for a non-apoptotic type of PCD in
human M CF-7 breast carcinoma cells. We used TNF-alpha and tyrphostin AG213 to induce apoptotic
and non-apoptotic cell death respectively in vitro. Microscopic and immunohistochemical studies,
together with DNA analysis and flow cytometric analysis of p53 and bcl-2 oncogene expression,
revealed some novel characteristics of non-apoptotic cell death. We show here for the first time some of
the biochemical features of an experimentally induced non-apoptotic PCD and emphasize the distinct
biochemical eventsleading to apoptotic and non-apoptotic PCD.

Anderson D. Factorsthat contribute to biomarker responsesin humansincluding a study in
individualstaking Vitamin C supplementation. Mutat Res 2001;480-481:337-47.

Abstract: It is possible in many situations to identify humans exposed to potentially toxic materialsin
the workplace and in the environment. Asin most human studies, there tends to be a high degree of
interindividual variability in response to chemical insults. Some non-exposed control individuals exhibit
as high alevel of damage as some exposed individuals and some of these have levels of damage as low
as many of the controls. Thus, it is only the mean values of the groups that can substantiate an exposure-
related problem; the data on an individual basis are still of limited use. While human lymphocytes
remain the most popular cell type for monitoring purposes, sperm, buccal, nasal, epithelial and placental
cells are also used. However, for interpretation of responses, the issue of confounding factors must be
addressed. There are endogenous confounding factors, such as age, gender, and genetic make-up and
exogenous ones, including lifestyle habits (smoking, drinking, etc.) There are biomarkers of exposure,
effect/response and susceptibility and the last may be influenced by the genotype and polymorphism
genes existing in a population. From our own studies, confounding effects on cytogenetic damage and
ras oncoproteins will be considered in relation to workers exposed to vinyl chloride and petroleum
emissions and to volunteers taking Vitamin C supplementation. Smoking history, exposure and duration
of employment affected the worker studies. For petroleum emissions, so did gender and season of
exposure. For the non-smoking volunteer Vitamin C supplementation study, cholesterol levels, plasma
Vitamin C levels, lipid peroxidation products and DNA damage in the Comet assay were also measured.
Gender affected differencesin Vitamin C levels, antioxidant capacity and the number of chromosome
aberrations jnduced by bleomycin challenge in vitro. The results were the same for both high and low



cholesterol subjects. The relationship between biomarkers and the various factors which affect them is
complex. Sometimes the variables are not completely independent of each other.

Ando H, Mishina M. [Mutagenesisin zebrafish]. Tanpakushitsu Kakusan Koso 2000;45(17
Suppl):2829-37 [Jpn].

AngelisKJ, McGuffie M, Menke M, Schubert I. Adaptation to alkylation damage in DNA measured
by the comet assay. Environ Mol Mutagen 2000;36(2):146-50.

Abstract: The alkylating mutagens N-methyl-N-nitrosourea (MNU) and methyl methanesulfonate
(MMYS) were studied for their potential to induce DNA strand breaks and abasic (AP) sitesin
meristematic nuclei of Viciafabaroot tips by the comet assay. The alkaline unwinding/neutral
electrophoresis (A/N) and akaline unwinding/alkaline electrophoresis (A/A) protocols were used for
detection of DNA damage. With the A/N comet assay, less DNA damage was seen after conditioning
pretreatment with alow dose prior to a high challenging dose of alkylating mutagens as compared to
application of the high dose only, whereas a nearly additive effect was seen when the A/A comet assay
was used. Adaptation was even more obvious when AP sites were revealed by the AP-endonuclease
activity of exonuclease I11. The adaptation observed with the A/N comet assay was abolished by
pretreatment with the protein synthesis inhibitor cycloheximide. These data suggest that the comet assay
is able to detect on molecular level a phenomenon resembling clastogenic adaptation.

Anitha B, Chandra N, Gopinath PM, Durairg) G. Genotoxicity evaluation of heat shock in gold fish
(Carassius auratus). Mutat Res 2000;469(1):1-8.

Abstract: Genotoxicity evaluation of heat shock was carried out in Carassius auratus. The genotoxicity
end points studied were nuclear anomalies (micronucleus assay), chromosomal aberrations, DNA
damage (comet assay) and cell proliferation. The heat shock temperatures used were 34 degrees C, 36
degrees C and 38 degrees C. The results demonstrated that heat shock causes the induction of
micronucleus at all the three temperature studied. Heat shock also inhibited cell proliferation at 38
degrees C and caused aberrations in the metaphase chromosomes at 34 degrees C and 36 degrees C.
Comet assay demonstrated single strand DNA damage at all the three temperatures. The results obtained
indicate that heat shock is a genotoxicant.

Annas A, Brittebo E, Hellman B. Evaluation of benzo(a)pyrene-induced DNA damage in human
endothelial cellsusing alkaline single cell gel electrophoresis. Mutat Res 2000;471(1-2):145-55.
Abstract: The alkaline version of the 'comet assay' was used to evaluate DNA damage in human
umbilical vein endothelial cells (HUVEC) exposed to 0.1, 1.0, or 10 microM benzo(a)pyrene for 90min.
The genotoxicity was monitored in HUV EC pretreated with the Ah-receptor agonist beta-
naphthoflavone (BNF), previously shown to induce cytochrome P4501A1 (CY P1A1) activity in these
cells, and in vehicle-treated HUV EC with only constitutive levels of this enzyme. Increased DNA
damage was observed only in cells that had been exposed to 10 microM benzo(a)pyrene, cells exposed
to BNF being subjected to the most extensive damage. The CY P1A/B-inhibitor alpha-naphthoflavone
(ANF) reduced the benzo(a)pyrene-induced DNA-damage in the BNF-treated HUV EC to the same level
as in the uninduced cells. The fact that benzo(a)pyrene induced DNA damage in vehicle-treated HUVEC
suggests that;there may be at |east one alternative route of bioactivation for benzo(a)pyrenein these



cells. Consequently, judging from the present results it seems as if tobacco-related polycyclic aromatic
hydrocarbons (PAHs) may disrupt the function of the endothelial lining in blood vessels with low
monooxygenase activity. It is proposed that exposure to Ah receptor agonists via, for example, tobacco
smoke, may enhance the DNA-damaging effects of smoke-related genotoxic PAHs in human endothelial
cells. Therole of PAHs in endothelial dysfunction of tobacco smokers should therefore be further
studied.

Archer MC, Clarkson TW, Strain JJ. Genetic aspects of nutrition and toxicology: report of a

wor kshop. JAm Coll Nutr 2001;20(2 Suppl):119-28.

Abstract: The health and resilience of humans and animalsis, in large part, determined by the quality
and quantity of the diet. This, in turn, may influence an individual's capability to deal with stress
including toxic insult. In addition, there may be specific components of the diet that modul ate the
toxicity of specific toxicants whether the latter are ingested as food or absorbed via other routes. Many
examples attest to the importance of interactions between dietary components and toxicants after
absorption in the body. Such interactions occur at every level of biological organization from the
molecular to the whole organism. Some may be synergistic, others antagonistic. Some may involve
direct chemical reaction between the nutrient molecule and the toxicant, others may occur by indirect
action at the cellular or organ levels. All examples point to the importance of considering diet when
measuring the response to toxic agents whether in animals or humans. In order to foster interaction
between the sciences of nutrition and toxicology, The Heinz Institute of Nutritional Sciences as
sponsoring a series of workshops. The first of these was held in June, 1999 at the University of Ulster to
address evolutionary aspects of nutrition--toxicology (for report see Eur. J. Nutr, 39, 49-52, 2000). In
June, 2000, a second workshop was held at the University of Toronto to address genetic aspects, and this
isabrief summary of the proceedings. We are beginning to understand the molecular basis of the
regulation of gene expression by dietary factors and how genetic changes can affect response to
toxicants. Recent advances in technology and a detailed understanding of disease etiology has led to the
ability to study molecular determinants of disease risk. The workshop provided a forum for nutritionists,
toxicologists, molecular biologists, epidemiologists and others to discuss common interests and to merge
their efforts towards an integrated approach to nutrition--toxicology via genetics and genomics. The first
session dealt with the mechanism by which nutrients such as fatty acids (Clarke), amino acids
(Jefferson) and metal ions (Cousins) can regulate gene expression. In the second session, there were
presentations on the effects of nutritional factors on genes of toxicological significance such as phase |
and phase Il enzymes of drug metabolism (Guengerich, Goodfellow and Grant) as well as on oxidative
DNA damage and itsrepair (Collins, Weindruch). Session three dealt with gene-nutrient interactionsin
the development of chronic diseases such as diabetes (Hegele, Berdanier) and cancer (Kim, Ambrosone
et a.). New developments such as DNA microarrays (McGlynn) and the use of transgenic and knockout
models (Sehayek) were presented in the final session.

Armstrong MJ, Gara JP, Gealy R 3rd, Greenwood SK, Hilliard CA, Laws GM, Galloway SM.
Induction of chromosome aberrationsin vitro by phenolphthalein: mechanistic studies. Mutat Res
2000;457(1-2):15-30.

Abstract: Phenolphthalein induces tumors in rodents but because it is negative in assays for mutation in
Salmonellagnd in mammalian cells, for DNA adducts and for DNA strand breaks, its primary



mechanism does not seem to be DNA damage. Chromosome aberration (Ab) induction by
phenolphthalein in vitro is associated with marked cytotoxicity. At very high doses, phenolphthalein
induces weak increases in micronuclei (MN) in mouse bone marrow; alarger response is seen with
chronic treatment. All this suggests genotoxicity is a secondary effect that may not occur at lower doses.
In heterozygous TSG-p53((R)) mice, phenolphthalein induces lymphomas and also MN, many with
kinetochores (K), implying chromosome loss. Induction of aneuploidy would be compatible with the
loss of the normal p53 gene seen in the lymphomas.Here we address some of the postulated mechanisms
of genotoxicity in vitro, including metabolic activation, inhibition of thymidylate synthetase,
cytotoxicity, oxidative stress, DNA damage and aneuploidy. We show clearly that phenol phthalein does
not require metabolic activation by S9 to induce Abs. Inhibition of thymidylate synthetase is an unlikely
mechanism, since thymidine did not prevent Ab induction by phenol phthalein. Phenol phthalein
dramatically inhibited DNA synthesis, in common with many non-DNA reactive chemicals that induce
Abs at cytotoxic doses. Phenolphthalein strongly enhances levels of intracellular oxygen radicals (ROS).
The radical scavenger DM SO suppresses phenol phthalein-induced toxicity and Abs whereas H(2)O(2)
potentiates them, suggesting arole for peroxidative activation. Phenolphthalein did not produce DNA
strand breaksin rat hepatocytes or DNA adductsin Chinese hamster ovary (CHO) cells. All the evidence
points to an indirect mechanism for Abs that is unlikely to operate at low doses of phenol phthalein. We
also found that phenolphthalein induces mitotic abnormalities and MN with kinetochores in vitro. These
are also enhanced by H(2)O(2) and suppressed by DM SO. Our findings suggest that induction of Absin
vitro is a high-dose effect in oxidatively stressed cells and may thus have athreshold. There may be
more than one mechanism operating in vitro and in vivo, possibly indirect genotoxicity at high doses and
also chromosome | oss, both of which would likely have a threshold.

Aruna R, Jagetia GC. Azidothymidine induces dose dependent increase in micronucle formation in
cultured Hel a cells. Pharmazie 2001;56(6):492-500.

Abstract: Exposure of Hel.a cells to azidothymidine (AZT) resulted in a concentration dependent decline
in growth kinetics. 100 microM of AZT completely inhibited the cell growth. The frequency of
binucleate and multinucleate cells declined with increasing concentration of AZT and the formation of
multinucleate cells was completely inhibited at 20 and 30 h at higher concentrations indicating inhibition
of cell division. Similarly, the clonogenicity of cells declined in a concentration dependent manner and
10 microM AZT killed 50% of the cells. Conversely, the frequency of MNBNC (micronucleated
binucleate cell) increased in a concentration dependent manner and was significantly higher in the AZT
treated group than the non-drug treated control group. The relationship between concentrations of AZT
and micronuclei-induction was linear for all the post-treatment time periods studied. The biological
response was also determined by plotting the surviving fraction of cells on the X-axis and the number of
micronuclel on the Y-axis. A close and inverse correlation between the surviving fraction and
micronuclel formation was observed and the data could be fitted on to alinear quadratic model.

Asch WS, Schechter N. Plasticin, atype lll neuronal intermediate filament protein, assembles asan
obligate heteropolymer: implications for axonal flexibility. JNeurochem 2000;75(4):1475-86.
Abstract: The assembly characteristics of the neuronal intermediate filament protein plasticin were
studied in SW13 cellsin the presence and absence of a cytoplasmic filament network. Full-length
plasticin capot polymerize into homopolymersin filament-less SW13c1.2Vim(-) cells but efficiently



coassembles with vimentin in SW13cl.1Vim(-) cells. By cotransfecting plasticin and vimentin in
SW13cl1.1Vim(-) cells, we show that plasticin assembly requires vimentin in noncatal ytic amounts.
Differing effects on assembly were seen with point mutations of plasticin monomers that were
analogous to the keratin mutations that cause epidermolysis bullosa simplex (EBS). In parcticular,
plasticin monomers with point mutations analogous to those in EBS do not uniformly inhibit
neurofilament (NF) network formation. A point mutation in the helix termination sequence resulted in
complete filament aggregation when coexpressed with vimentin but showed limited coassembly with
low- and medium-molecular-weight NF proteins (NF-L and NF-M, respectively). In transfected
SW13cl.1Vim(+) cells, apoint mutation in the first heptad of the alpha-helical coil region formed equal
amounts of filaments, aggregates, and a mixture of filaments and aggregates. Furthermore, coexpression
of this point mutation with NF-L and NF-M was associated with a shift toward increased numbers of
aggregates. These results suggest that there are important structural differencesin assembly properties
between homologous fish and mammalian intermediate filament proteins. These structural differences
may contribute to the distinctive growth characteristics of the teleost visual pathway.

Ashby J, Tinwell H. Continuing ability of the rodent bone marrow micronucleus assay to act asa
predictor of the possible germ cell mutagenicity of chemicals. Mutat Res 2001;478(1-2):211-3.

AuWW, Oberheitmann B, Heo MY, Hoffmann W, Oh HY. Biomarker monitoring for health risk
based on sensitivity to environmental mutagens. Rev Environ Health 2001;16(1):41-64.

Abstract: Ongoing human and environmental genome programs have generated a tremendous amount of
information regarding the genetic basis for human disease. The information can be used to enhance
existing bioassays, as well asto develop new bioassays for improving human monitoring with the goal
of disease prevention. In this review, some biomarkers that can be used for the purpose are presented,
with an emphasis on using biomarkers to monitor human sensitivity to environmental mutagens. The
application of biomarkersin clarifying the role of inherited and acquired susceptibility for developing
environmental disease will be discussed. We emphasize the use of biomarkers that can detect mutagen
sensitivity and DNA repair deficiency in the humans as an indication of susceptibility to disease. Such
sensitivity can be either genetically determined or acquired from the exposure to environmental
mutagens.

Ayene |S, Bernhard EJ, McKenna WG, Muschel RJ, Krisch RE, Koch CJ. DNA as an important target
in radiation-induced apoptosisof MY C and MY C plus RAStransfected rat embryo fibroblasts. Int
JRadiat Biol 2000;76(3):343-54.

Abstract: PURPOSE: This study uses aradiation chemistry approach to determine if DNA isan
important target for radiation-induced apoptosis of myc (MR4) and myc plusras (3.7) transfected rat
embryo fibroblast cell lines. MATERIALS AND METHODS: The radiation protection efficiency of
four thiols was compared with net molecular charge ranging from -1 to +2: mercaptopropionic acid (Z= -
1), mercaptoethanol (Z=0), cysteamine (Z= +1), N(2-mercaptoethyl)-1,3-diaminopropane (Z= +2).
Protection factors were determined for these thiols against radiation-induced apoptosis (Apoalert assay),
mitotic cell death (clonogenic assay) and double-strand break (dsb) induction (pulse field gel
electrophoresis) in MR4 and 3.7 cells. Theoretical protection factors for these thiols against dsb
induction wgye also calculated from second-order chemical repair constants for single-strand breaks



(ssb) and the concentration of added thiolsin MR4 and 3.7 cell lines. RESULTS: The charge-dependent
increases observed for measured protection factors against radiation-induced apoptosis did not differ
significantly between the two cell lines, nor did they differ significantly from the corresponding
increases observed for radiation-induced mitotic cell killing and for induction of dsb. The calculated
protection factor for dsb also showed athiol charge-dependent increase similar to the measured
protection factors for all of the other parameters studied. CONCLUSIONS: These results are consistent
with the hypothesis that DNA is an important target for radiation-induced apoptosis.

Bachl J, Carlson C, Gray-Schopfer V, Dessing M, Olsson C. Increased transcription levelsinduce
higher mutation ratesin a hypermutating cell line. JImmunol 2001;166(8):5051-7.

Abstract: Somatic hypermutation, in addition to VV(D)J recombination, is the other major mechanism that
generates the vast diversity of the Ab repertoire. Point mutations are introduced in the variable region of
the Ig genes at amillion-fold higher rate than in the rest of the genome. We have used a green
fluorescent protein (GFP)-based reversion assay to determine the role of transcription in the mutation
mechanism of the hypermutating cell line 18-81. A GFP transgene containing a premature stop codon is
transcribed from the inducible tet-on operon. Using the inducible promoter enables us to study the
mutability of the GFP transgene at different transcription levels. By analyzing stable transfectants of a
hypermutating cell line with flow cytometry, the mutation rate at the premature stop codon can be
measured by the appearance of GFP-positive revertant cells. Here we show that the mutation rate of the
GFP transgene correlates with its transcription level. Increased transcription levels of the GFP transgene
caused an increased point mutation rate at the premature stop codon. Treating a hypermutating
transfection clone with trichostatin A, a specific inhibitor of histone deacetylase, caused an additional 2-
fold increase in the mutation rate. Finally, using Northern blot analysis we show that the activation-
induced cytidine deaminase, an essential trans-factor for the in vivo hypermutation mechanism, is
transcribed in the hypermutating cell line 18-81.

Bacova G, Hunakova LE, Chorvath M, Boljesikova E, Chorvath B, Sedlak J, Gabelova A. Radiation-
induced DNA damage and repair evaluated with ‘'comet assay' in human ovarian carcinoma cell
lineswith different radiosensitivities. Neoplasma 2000;47(6):367-74.

Abstract: Radiation-induced DNA damage and kinetics of DNA repair was evaluated in three human
ovarian carcinomacell lines (i.e. CH-1, A-2780 and SKOV-3) with different sensitivities to ionizing
radiation and radiation-induced apoptosis with the aid of single cell gel electrophoresis (SCGE, the
comet assay). A good correlation was found between the initial level of DNA breaks and radiation
induced apoptosisin CH-1 and SKOV-3 cell lines. While the radiation-sensitive CH-1 cell line
manifested the highest level of initial DNA breakage and a significant delay in DNA break rgjoining, the
inverse correlation was found in the radiation-resistant cell line SKOV-3. Intermediate initial level of
breaks was induced in the A-2780 cell line characterized by the intermediate sensitivity to X-ray
radiation in comparison to CH-1 and SKOV -3 cells, however, the kinetics of DNA repair was
comparable with radiation-resistant cell line SKOV-3. Our data suggest that the comet assay could be a
promising tool for prediction of intrinsic cell radiosensitivity. This method might be considered as a
supplementary technique to the more reliable but time consuming clonogenic assay.

Bacso Z, Eygrson RB, Eliason JF. The DNA of annexin V-binding apoptotic cellsis highly



fragmented. Cancer Res 2000;60(16):4623-8.

Abstract: Jurkat leukemia cells induced to undergo apoptosis by treatment with an antibody against the
Fas receptor have two annexin V (AV)-binding subpopulations: (a) single-positive cells that bind AV
but not propidium iodide (Pl); and (b) double-positive cells that bind AV and PI. The single-positive
population is thought to represent an early stage of apoptosis. We have examined the relationship
between AV binding and a classical characteristic of apoptosis, DNA fragmentation. Time course
studies with Jurkat cells treated for 1, 2, or 4 h with anti-Fas indicated that the proportion of AV-binding
cellswasincreased after 2 h. A significant increase in DNA fragmentation was observed only at 4 h as
measured by the mean tail moment determined with the alkaline single cell gel electrophoresis (comet)
assay. This correlation suggests atemporal relationship between the two parameters, but does not
provide direct evidence of what happens in individual cells. We developed a method to measure
fluorescent markers of cellular structure or function with alaser scanning cytometer and then perform
the comet assay on the same cells. Cellsin each AV-binding subpopulation were re-examined before
and after e